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LINEAR FRESNEL LENS SHEET,
TRANSMISSIVE DISPLAY DEVICE AND
ROLL-SHAPED MOLD FOR PRODUCING
LINEAR FRESNEL LENS SHEET

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a linear Fresnel lens sheet
which allows image light, projected from a light source, to
exit the light exit-side surface of the sheet, and relates to a
transmissive display device provided with the Fresnel lens
sheet. The present invention also relates to a roll-shaped mold
for producing a linear Fresnel lens sheet.

2. Description of Related Art

A rear-projection image display device uses a transmissive
screen for displaying image light that has been enlarged and
projected onto the screen from the back. JP 2000-292864A
discloses a transmissive screen comprising a linear Fresnel
lens sheet for deflecting image light rays, which have been
enlarged and projected by a light source, to make them
approximately parallel to each other, and a diffusion sheet for
diffusing image light that has exited the linear Fresnel lens
sheet, thereby increasing the viewing angle.

The linear Fresnel lens sheet has a number of lens surfaces
arranged in a certain arrangement direction and, owing to the
combination of the lens surfaces, exerts a certain optical
effect on incident light. In a typical linear Fresnel lens sheet,
the inclination angle of a lens surface with respect to the sheet
plane increases with the distance of the lens surface from the
middle of the sheet in the arrangement direction of the lens
surfaces. Such a linear Fresnel lens sheet is generally pro-
duced by a method comprising supplying a UV curable resin
between a roll-shaped mold and a substrate which is being fed
along the circumference of the roll-shaped mold, and irradi-
ating the resin with ultraviolet light. The use of a roll-shaped
mold can produce a linear Fresnel lens sheet with high pro-
duction efficiency. Further, linear Fresnel lens sheets, pro-
duced by such a method, are expected to be used in a variety
of applications.

To produce a linear Fresnel lens sheet by the above-de-
scribed method, it is necessary to prepare a roll-shaped mold.
A method for producing a roll-shaped mold will now be
described with reference to FIGS. 14 through 16. FIG. 14(a)
through 14(c) are schematic views illustrating a method for
producing a roll-shaped mold, FIG. 15 is a schematic view
illustrating a method for machining a middle portion of the
roll-shaped mold, and FIG. 16 is a schematic enlarged view
illustrating a middle portion of the machined roll-shaped
mold.

First, as shown in FIG. 14(a), a substrate roller 503 made of
a metal is prepared, and surface smoothing of the substrate
roller 503 is performed with a turning tool 501. Next, as
shown in FIG. 14(5), a first annular groove group 510, con-
sisting of a number of first annular grooves 511, is formed
sequentially from one end toward the middle of the roll-
shaped mold 500 (substrate roller 503) in the axial direction r.
Each first annular groove 511 has a first inclined surface 512
for the production of a lens surface. The inclination angle y of
a first inclined surface 512 with respect to the axial direction
r increases with the distance of the first inclined surface 512
from the middle of the roll-shaped mold 500 in the axial
direction r. Thus, the cutting angle 13 of the turning tool 501
with respect to the axial direction r is made smaller for a first
inclined surface 512 than for the adjacent first inclined sur-
face 512 lying farther from the middle of the roll-shaped mold
500 in the axial direction r. In particular, the substrate roller
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2

503 is machined by moving the turning tool 501 in the radial
direction n while keeping the cutting edge of the turning tool
501 at a predetermined cutting angle [} with respect to the
axial direction r, thereby forming a first annular groove 511.
The turning tool 501 is then retreated. Next, after moving the
turning tool 501 in the axial direction r, the cutting angle 13 of
the turning tool 501 is changed to smaller, and machining of
the next first annular groove 511 is performed. However, as
shown in FIG. 15, if the cutting angle § of the turning tool 501
is made smaller in a middle portion ofthe substrate roller 503,
then the turning tool 501 will make contact with a previously-
machined first annular groove 511. Therefore, a first annular
groove 511 is formed while maintaining the same cutting
angle 13 in the middle portion of the substrate roller 503.
Thus, in the middle portion of the substrate roller 503, it
becomes physically difficult to perform machining of a first
annular groove 511 ata designed cutting angle §; a need arises
to perform machining of a first annular groove 511 at a cutting
angle which is larger than the designed cutting angle.

After forming the first annular groove group 510, the turn-
ing tool 501 is replaced with a new one. Thereafter, as shown
in FIG. 14(c), a second annular groove group 520 is formed
sequentially from the middle toward the other end of the
roll-shaped mold 500 in the axial direction r in the same
manner as in the formation of the first annular groove group
510. The second annular groove group 520 consists of a
number of second annular grooves 521 each having a second
inclined surface 522 for the production of a lens surface.

At the boundary between the first annular groove group
510 and the second annular groove group 520, it is difficult to
smoothly connect the first inclined surface 512 of the first
annular groove 511 and the second inclined surface 522 ofthe
second annular groove 521 because of a number of factors
such as the accuracy of positioning (positioning accuracy
upon turning) of the cutting angle 13 of the turning tool 501,
the accuracy of mounting of the turning tool 501 upon
replacement, the accuracy of feeding of the turning tool 501
by means of a lathe, backlash, etc. Therefore, as shown in
FIG. 16, a stepped joint 502 is formed between the first
inclined surface 512 and the second inclined surface 522
whose inclination angles with respect to the radial direction n
are symmetrical.

FIG. 17 shows a linear Fresnel lens sheet shaped by the use
of'the roll-shaped mold 500 produced by the above-described
method. As shown in FIG. 17, the linear Fresnel lens sheet
includes a first lens surface group 410 consisting of a number
of first lens surfaces 411 which are inclined toward one side
from the normal direction N to the sheet plane of the linear
Fresnel lens sheet, and a second lens surface group 420 con-
sisting of a number of second lens surfaces 421 which are
inclined toward the opposite side from the normal direction
N. As described above, machining is performed in a middle
portion of the roll-shaped mold 500 at a cutting angle which
is larger than a desired cutting angle. Accordingly, ina middle
portion of the linear Fresnel lens sheet, the lens angle a,
which is the inclination angle of each lens surface 411 or 421
with respect to the sheet plane of the linear Fresnel lens sheet,
is larger than a desired inclination angle. Further, at the
boundary between the first lens surface group 410 and the
second lens surface group 420, i.e. at the position correspond-
ing to the joint 502 formed between those inclined surfaces of
the roll-shaped mold 500 whose inclination angles with
respect to the radial direction n are symmetrical, a navel 402
is defined between those lens surfaces 411, 421 whose incli-
nation angles with respect to the normal direction N are
symmetrical.
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Consider the case where light, mainly comprising parallel
light rays, enters the linear Fresnel lens sheet shown in FIG.
17. Light mainly comprising parallel light rays is concen-
trated into a predetermined light-concentrated area (focus
area in the illustrated case) by the lens effect of the linear
Fresnel lens sheet. However, because the lens angle a.of alens
surface with respect to the sheet plane 1a is larger than a
desired inclination angle in a middle portion of the linear
Fresnel lens sheet, light entering the middle portion will not
be refracted at a desired refraction angle and will not be
concentrated into the predetermined light-concentrated area.
Therefore, the middle portion of the linear Fresnel lens sheet
appears dark to a viewer viewing light that has been concen-
trated into the light-concentrated area.

Further, in the case where only a transmissive screen exists
between the linear Fresnel lens sheet and a viewer, the viewer
can view the linear Fresnel lens sheet itself depending on the
viewing angle of the viewer. In that case, the navel of the
linear Fresnel lens sheet is clearly visible to the viewer. This
deteriorates the quality of images displayed on the screen.

Recently attempts have been made to reduce the distance
between a light source and a transmissive screen so as to
construct a compact rear-projection image display device.
However, it has been found through the present inventors’
studies that when the distance between a light source and a
transmissive screen is short, a stripe pattern, consisting of
bright and dark stripes extending in a direction perpendicular
to the arrangement direction of lens surfaces, may appear on
the transmissive screen when the screen is viewed in a par-
ticular direction. FIG. 18 schematically shows a stripe pattern
which can appear on the light exit-side surface 602a of a
conventional transmissive screen 602. As shown in FIG. 18,
the stripe pattern appears in an area S remote from the middle
of the light exit-side surface 602a.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
situation. It is therefore a first object of the present invention
to obscure a stripe pattern which can appear on the surface of
a transmissive screen incorporating a linear Fresnel lens
sheet. Itis a second object of the present invention to improve
and reduce a difference in brightness between a middle por-
tion and the other portion of a linear Fresnel lens sheet, which
can be produced depending on the viewing position of a
viewer, to an imperceptible level and, in addition, to effec-
tively prevent deterioration in the quality of display images
due to a navel as defined between those lens surfaces whose
inclination angles with respect to the normal direction are
symmetrical.

In order to achieve the first object, the present invention
provides a first linear Fresnel lens sheet comprising: a lens
layer having a first surface in which a linear Fresnel lens
portion, having a number of lens surfaces arranged in a first
direction, is formed, and a second surface opposite the first
surface; and a diffusion layer disposed on the side of the
second surface of the lens layer.

In the first linear Fresnel lens sheet according to the present
invention, the degree of internal diffusion of the diffusion
layer, which is the degree of diffusion of light by the diffusion
layer in the linear Fresnel lens sheet as expressed in terms of
a haze value, may be not less than 70%.

In the first linear Fresnel lens sheet according to the present
invention, the maximum distance between the linear Fresnel
lens portion of the lens layer and the surface of the diffusion
layer, lying on the side opposite from the lens layer, may be
not more than 1.0 mm.
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Inthe first linear Fresnel lens sheet according to the present
invention, the linear Fresnel lens portion may include a first
lens surface group consisting of a number of first lens surfaces
which are inclined toward one side from the normal direction
to the sheet plane of the lens layer, a second lens surface group
consisting of a number of second lens surfaces which are
inclined toward the opposite side from the normal direction to
the sheet plane of the lens layer, and a flat portion provided
between the first lens surface group and the second lens
surface group in the first direction and including at least one
flat surface which extends along the sheet plane of the lens
layer.

Inthe first linear Fresnel lens sheet according to the present
invention, the lens layer may include a plurality of the linear
Fresnel lens portions formed integrally and each having an
optical center.

Inthe first linear Fresnel lens sheet according to the present
invention, the linear Fresnel lens portions may be arranged
side by side along the first direction.

The present invention also provides a transmissive display
device comprising: any one of the above-described linear
Fresnel lens sheets; and a light source having a projection
surface for projecting image light onto the diffusion layer of
the linear Fresnel lens sheet.

In the transmissive display device according to the present
invention, the following relation may be satisfied: —-al1°+
arcsin (1/n)°+arcsin (1/n-sin 01)°<10°

where a1° is the angle of the lens surface, lying farthest
from the projection surface of the light source, with respect to
the sheet plane of the lens layer, n is the refractive index of the
lens layer, and 6i° is the angle formed between the normal
direction to the sheet plane of the lens layer and an imaginary
line connecting the center of the projection surface ofthe light
source with the center of the lens surface lying farthest from
the projection surface of the light source.

In the transmissive display device according to the present
invention, the distance between the linear Fresnel lens sheet
and the light source may be not more than the length of the
linear Fresnel lens portion in the first direction.

In order to achieve the second object, the present invention
provides a second linear Fresnel lens sheet comprising a
linear Fresnel lens portion having a number of lens surfaces
arranged in a first direction, wherein the linear Fresnel lens
portion may include a first lens surface group consisting of a
number of first lens surfaces which are inclined toward one
side from the normal direction to the sheet plane of the linear
Fresnel lens sheet, a second lens surface group consisting of
a number of second lens surfaces which are inclined toward
the opposite side from the normal direction to the sheet plane
of the linear Fresnel lens sheet, and a flat portion provided
between the first lens surface group and the second lens
surface group in the first direction and including at least one
flat surface which extends along the sheet plane of the linear
Fresnel lens sheet.

In the first or second linear Fresnel lens sheet according to
the present invention, the inclination angle of a first lens
surface with respect to said sheet plane may be larger than the
inclination angle of any other first lens surface, located nearer
to the flat portion in the first direction, with respect to said
sheet plane; and the inclination angle of a second lens surface
with respect to said sheet plane may be larger than the incli-
nation angle of any other second lens surface, located nearer
to the flat portion in the first direction, with respect to said
sheet plane.

In the first or second linear Fresnel lens sheet according to
the present invention, the flat portion may include a plurality
of flat surfaces having the same length along said sheet plane.
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In the first or second linear Fresnel lens sheet according to
the present invention, the flat portion may include a plurality
of flat surfaces located at different positions in said normal
direction.

In the first or second linear Fresnel lens sheet according to
the present invention, the flat surfaces may comprise a first
flat surface group consisting of a plurality of first flat surfaces,
and a second flat surface group consisting of a plurality of
second flat surfaces and lying between the first flat surface
group and the second lens surface group; a first flat surface
lies in an outer position in said normal direction with respect
to any other first flat surface located nearer to the first lens
surface group in the first direction; and a second flat surface
lies in an outer position in said normal direction with respect
to any other second flat surface located nearer to the second
lens surface group in the first direction.

In the first or second linear Fresnel lens sheet according to
the present invention, the inclination angle of the first lens
surface, lying closest to the flat portion in the first direction,
with respect to said sheet plane may be not less than 0.01
degrees as a value rounded off to two decimal places; and the
inclination angle of the second lens surface, lying closest to
the flat portion in the first direction, with respect to said sheet
plane may be not less than 0.01 degrees as a value rounded off
to two decimal places.

The second linear Fresnel lens sheet according to the
present invention may comprise a plurality of the linear
Fresnel lens portions formed integrally.

In the second linear Fresnel lens sheet according to the
present invention, the linear Fresnel lens portions may be
arranged side by side along the first direction.

In the first or second linear Fresnel lens sheet according to
the present invention, the linear Fresnel lens portions may
have the same length in the first direction.

In the first or second linear Fresnel lens sheet according to
the present invention, the linear Fresnel lens portions may
have the same construction.

The present invention also provides a roll-shaped mold for
producing a linear Fresnel lens sheet, having inclined sur-
faces, arranged in the axial direction, for producing the lens
surfaces of the linear Fresnel lens sheet, said mold compris-
ing: a first annular groove group consisting of a number of
first annular grooves arranged in the axial direction, each
groove defining a first inclined surface; a second annular
groove group consisting of a number of second annular
grooves arranged in the axial direction, each groove defining
a second inclined surface; and an intermediate portion dis-
posed between the first annular groove group and the second
annular groove group, wherein the first inclined surfaces of
the first annular groove group are inclined toward one side
from the radial direction perpendicular to the axial direction
in a cross-section passing through the axis of the roll-shaped
mold, and the second inclined surfaces of the second annular
groove group are inclined toward the opposite side from the
radial direction perpendicular to the axial direction in the
cross-section passing through the axis of the roll-shaped
mold, and wherein the intermediate portion comprises at least
one flat cylindrical portion that defines a cylindrical surface.

The inclination angle of the first inclined surface of a first
annular groove with respect to the axial direction may be
larger than the inclination angle of the first inclined surface of
any other first annular groove, located nearer to the flat cylin-
drical portion in the axial direction, with respect to the axial
direction r; and the inclination angle of the second inclined
surface of a second annular groove with respect to the axial
direction may be larger than the inclination angle of the
second inclined surface of any other second annular groove,
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located nearer to the flat cylindrical portion in the axial direc-
tion r, with respect to the axial direction.

In the roll-shaped mold for producing a linear Fresnel lens
sheet according to the present invention, the intermediate
portion may comprise a plurality of flat cylindrical portions
having the same length along the axial direction.

In the roll-shaped mold for producing a linear Fresnel lens
sheet according to the present invention, the intermediate
portion may comprise a plurality of flat cylindrical portions
that define cylindrical surfaces located at different positions
in the radial direction.

In the roll-shaped mold for producing a linear Fresnel lens
sheet according to the present invention, the intermediate
portion may comprise a first flat cylindrical portion group
consisting of a plurality of first flat cylindrical portions, and a
second flat cylindrical portion group consisting of a plurality
of'second flat cylindrical portions and lying between the first
flat cylindrical portion group and the second annular groove
group; a first flat cylindrical portion defines a cylindrical
surface having a larger diameter than that of a cylindrical
surface defined by any other first flat cylindrical portion
located nearer to the first annular groove group in the axial
direction; and a second flat cylindrical portion defines a cylin-
drical surface having a larger diameter than that of a cylindri-
cal surface defined by any other second flat cylindrical por-
tion located nearer to the second annular groove group in the
axial direction.

According to the first linear Fresnel lens sheet of the
present invention, it becomes possible to obscure a stripe
pattern which can appear on the surface of a transmissive
screen incorporating the linear Fresnel lens sheet. According
to the second linear Fresnel lens sheet of the present inven-
tion, it becomes possible to improve and reduce a difference
in brightness between a middle portion and the other portion
of the linear Fresnel lens sheet, which can be produced
depending on the viewing position of a viewer, to an imper-
ceptible level and, in addition, to effectively prevent deterio-
ration in the quality of display images due to a navel as
defined between those lens surfaces whose inclination angles
with respect to the normal direction are symmetrical.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic perspective view of a transmissive
display device according to a first embodiment of the present
invention;

FIG. 2 is a schematic plan view of the transmissive display
device shown in FIG. 1;

FIG. 3 is an enlarged view of the linear Fresnel lens sheet
of the transmissive display device shown in FIG. 1;

FIG. 4 is an enlarged view of a lens surface of the linear
Fresnel lens portion shown in FIG. 3;

FIG. 5 is a diagram illustrating conditions in which image
light from a light source enters a lens surface and which cause
a stripe pattern to appear on the light exit-side surface of a
transmissive screen;

FIG. 6 is an enlarged view of the region A bounded by the
dashed-dotted lines shown in FIG. 2;

FIG. 7 is a schematic plan view of a transmissive display
device according to a second embodiment of the present
invention;

FIG. 8 is a schematic view of a linear Fresnel lens sheet
incorporated in a transmissive display device according to a
third embodiment of the present invention;

FIG. 9 is a partial enlarged view of the flat portion of the
linear Fresnel lens sheet shown in FIG. 8;
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FIG. 10 is a schematic cross-sectional view showing a
cross-section passing through the axis of a roll-shaped mold
for producing the linear Fresnel lens sheet shown in FIG. 8;

FIG. 11 is a partial enlarged cross-sectional view of a
middle portion of the roll-shaped mold shown in FIG. 10;

FIG. 12 is a schematic view illustrating an exemplary
method for producing a linear Fresnel lens sheet by using the
roll-shaped mold shown in FIG. 10;

FIG. 13A is a schematic view illustrating a method for
producing the roll-shaped mold shown in FIG. 10, showing
the step of performing surface smoothing of the roll-shaped
mold;

FIG. 13B is a schematic view illustrating a method for
producing the roll-shaped mold shown in FIG. 10, showing
the step of forming a first annular groove group from one end
toward the middle of the roll-shaped mold in the axial direc-
tion;

FIG. 13C is a schematic view illustrating a method for
producing the roll-shaped mold shown in FIG. 10, showing
the step of forming a first flat cylindrical portion group toward
the middle of the roll-shaped mold in the axial direction;

FIG. 13D is a schematic view illustrating a method for
producing the roll-shaped mold shown in FIG. 10, showing
the step of forming a second flat cylindrical portion group
from the middle toward the other end of the roll-shaped mold
in the axial direction;

FIG. 13E is a schematic view illustrating a method for
producing the roll-shaped mold shown in FIG. 10, showing
the step of forming a second annular groove group toward the
other end of the roll-shaped mold in the axial direction;

FIG. 14(a) through 14(c) are schematic views illustrating a
method for producing a conventional roll-shaped mold, FIG.
14(a) showing the step of performing surface smoothing of
the roll-shaped mold, FIG. 14(5) showing the step of forming
a first annular groove group from one end toward the middle
of the roll-shaped mold in the axial direction, and FIG. 14(c)
showing the step of forming a second annular groove group
from the middle toward the other end of the roll-shaped mold
in the axial direction;

FIG. 15 is a schematic enlarged view illustrating the for-
mation of an annular groove in a middle portion of the roll-
shaped mold;

FIG. 16 is a schematic enlarged view of a region around the
boundary between the first annular groove group and the
second annular groove group of the roll-shaped mold;

FIG. 17 is a schematic view of a linear Fresnel lens sheet
shaped by the use of the roll-shaped mold produced by the
method illustrated in FIG. 14(a) through 14(c); and

FIG. 18 is a diagram schematically showing a stripe pattern
which can appear on the light exit-side surface of a transmis-
sive screen.

DETAILED DESCRIPTION OF THE INVENTION

<First Embodiment>

Preferred embodiments of the present invention will now
be described with reference to the drawings. In the drawings
attached to the present specification, for the sake of illustra-
tion and easier understanding, scales, horizontal to vertical
dimensional ratios, etc. are exaggeratingly modified from
those of the real things. FIGS. 1 through 6 are diagrams
illustrating a linear Fresnel lens sheet according to a first
embodiment of the present invention. Of these, FIG. 1 and
FIG. 2 are a schematic perspective view and a schematic plan
view, respectively, of a transmissive screen including the
linear Fresnel lens sheet according to the first embodiment of
the present invention.
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As shown in FIGS. 1 and 2, the transmissive screen 2 is a
device to display image light [, which has been projected
from a light source 7, on the viewer side thereof. As shown in
FIG. 1, the transmissive screen 2 comprises a linear Fresnel
lens sheet 3 for deflecting image light rays L, which have been
projected from the projection surface 8 of the light source 7,
to make them approximately parallel to each other, and a
diffusion sheet 4, disposed on the viewer side of the linear
Fresnel lens sheet 3, for diffusing the image light L. and
allowing the image light L to exit toward a viewer in a wide
range. The light exit-side surface of the diffusion sheet 4
constitutes the light exit-side surface 2a of the transmissive
screen 2 which allows the image light [ to exit toward a
viewer. The transmissive screen 2 can be incorporated in a
transmissive display device 1.

As shown in FIGS. 1 and 2, the transmissive display device
1 includes the transmissive screen 2 and the light source
(image light source) 7 having the projection surface 8 for
projecting image light L toward the linear Fresnel lens sheet
3 of the transmissive screen 2. The light source 7 may include
an image source such as an LCD or DLP, a lamp for irradiat-
ing the image source with light, a projection lens for enlarging
and projecting image light emitted by the image source, etc.

In the transmissive display device 1, image light L. pro-
jected from the projection surface 8 of the light source 7
enters various points on the linear Fresnel lens sheet 3 at
various projection angles with respect to the normal direction
nd of the lens layer 10 of the linear Fresnel lens sheet 3. The
projection angle, i.e. the angle formed between the traveling
direction of light that enters the linear Fresnel lens sheet 3 and
the normal direction nd, varies depending on the incident
position on the linear Fresnel lens sheet 3. The projection
angles of light rays, coming from the light source 7 and
entering various points on the linear Fresnel lens sheet 3, can
be adjusted by appropriately selecting the relative positional
relationship, e.g. the distance, between the light source 7 and
the linear Fresnel lens sheet 3.

In the transmissive display device 1 of this embodiment,
the distance v between the linear Fresnel lens sheet 3 and the
light source 7 is set short so as to design the entire apparatus
to be compact. Thus, the maximum value of the projection
angle, i.e. the angle formed between the traveling direction of
light that enters the linear Fresnel lens sheet 3 and the normal
direction nd, is set at about 40° to 60° which is significantly
larger than conventional values. For example, the distance v
between the linear Fresnel lens sheet 3 and the light source 7
may be set not more than the length u of the below-described
linear Fresnel lens portion 13 in a first direction d1. Prefer-
ably, the distance v between the linear Fresnel lens sheet 3 and
the light source 7 is set not more than 65% of the length u of
the linear Fresnel lens portion 13 in the first direction d1.

The transmissive screen 2 will now be described in detail.
As described above, the transmissive screen 2 comprises the
linear Fresnel lens sheet 3 and the diffusion sheet 4. The linear
Fresnel lens sheet 3 will be first described with reference to
FIGS. 1 through 6. F1G. 3 is an enlarged schematic view of the
linear Fresnel lens sheet 3 of the transmissive display device
1 shown in FIG. 1.

As shown in FIGS. 1 through 3, the linear Fresnel lens
sheet 3 includes a lens layer 10 disposed on the diffusion sheet
4 side, a diffusion layer 20 disposed on the light source 7 side,
and a substrate 30 disposed between the lens layer 10 and the
diffusion layer 20.

As shown in FIG. 3, the lens layer 10 has a first surface 11
facing the diftfusion sheet 4, and a second surface 12 opposite
the first surface 11 and facing the light source 7. A linear
Fresnel lens portion 13, composed of a so-called linear
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Fresnel lens, is formed in the first surface 11 of the lens layer
10. The linear Fresnel lens portion 13 has a number of lens
surfaces 14 arranged in stripes. Owing to the combination of
the number of lens surfaces 14, the linear Fresnel lens portion
13 is expected to exert the same lens effect on incident light as
a convex lens.

More specifically, the linear Fresnel lens portion 13
includes a first lens surface group 134 consisting of a number
of first lens surfaces 14a which are inclined toward one side
from the normal direction nd to the sheet plane 10a of the lens
layer 10, and a second lens surface group 135 consisting of a
number of second lens surfaces 146 which are inclined
toward the opposite side from the normal direction nd. The
first lens surface group 13a is disposed on one side of the
linear Fresnel lens portion 13 along the first direction dl,
while the second lens surface group 135 is disposed on the
other side of the linear Fresnel lens portion 13 along the first
direction d1. The first lens surfaces 14a and the second lens
surfaces 1456 constitute the lens surfaces 14 of the linear
Fresnel lens sheet 3.

The term “sheet plane (film plane, plate plane)” herein
refers to a plane which coincides with the planar direction of
an objective sheet-like member when taking a wide and glo-
bal view of the sheet-like member. In this embodiment the
sheet plane of the linear Fresnel lens sheet 3, the sheet plane
10a of the lens layer 10, the sheet plane of the diffusion layer
20 and the sheet plane of the substrate 30 are parallel to each
other. In the following description, the second surface 12 of
the lens layer 10 is illustrated as the sheet plane 10a of the lens
layer 10.

The terms used herein to specify shapes or geometric con-
ditions, such as “parallel”, “perpendicular”, etc., should not
be bound to their strict sense, and should be construed to
include equivalents or resemblances from which the same
optical function or effect, or such a similar optical effect as
indistinguishable in visual determination, can be expected.

The lens surfaces 14 are arranged along the first direction
d1 extending in the sheet plane 10a of the lens layer 10. Thus,
the firstlens surfaces 144 and the second lens surfaces 145 are
both arranged along the first direction d1. Each lens surface
14 extends linearly in a direction intersecting the first direc-
tion d1, in particular in a direction perpendicular to the first
direction d1.

The lens angle o of a lens surface 14, which is the angle of
the lens surface 14 with respect to the sheet plane 10a of the
lens layer 10, changes in order along the first direction d1. In
this embodiment the lens angle o of a lens surface 14
increases with the distance of the lens surface 14 from the
middle of the linear Fresnel lens portion 13 in the first direc-
tion d1.

An optical center O lies at a position on the boundary
between the first lens surface group 13« and the second lens
surface group 135. The optical center O herein refers to an
optical center which exerts a lens effect on incident light due
to the combination of the lens surfaces 14 constituting the
linear Fresnel lens portion 13. In a typical linear Fresnel lens,
the optical center O lies on the optical axis Ax of the linear
Fresnel lens portion 13. In the illustrated case, the optical
center O lies on the boundary between the closest first lens
surface 14a to the second lens surface group 135 and the
closest second lens surface 1454 to the first lens surface group
13a.

A rise surface 15 is provided between two adjacent lens
surfaces 14. The length of each rise surface 15 is generally
determined by the pitch of the adjacent lens surfaces 14 and
the lens angle o of the lens surface 14. As described above, the
lens angle o of each lens surface 14 increases with the dis-
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tance of the lens surface 14 from the middle of the linear
Fresnel lens portion 13 in the first direction d1. Accordingly,
an outer rise surface 15, lying in an outer position in the first
direction d1, has alonger length along the normal direction nd
than any inner rise surface 15. No lens effect on light is
expected of the rise surfaces 15.

A top 16, projecting outward in the normal direction nd, is
formed between each lens surface 14 and the rise surface 15.
FIG. 4 shows an enlarged view of a top 16 ofthe linear Fresnel
lens portion 13. In this embodiment each top 16 has the shape
of a curved surface whose curvature changes smoothly and
continuously, or a flat surface approximately parallel to the
sheet plane 10a. Each top 16 is formed in a region in which no
lens effect on image light I from the light source 7 is
expected. In particular, as shown in FIG. 4, image light L. from
the light source 7 enters the linear Fresnel lens sheet 3 at a
certain projection angle and reaches a lens surface 14. Assum-
ing that a light ray passes through an end point on a rise
surface 15 with a top 16 formed at one end, the point being
farthest from the top 16, and enters a point M on a lens surface
14 with the top 16 formed at one end, no image light I from
the light source 7 will enter that region of the linear Fresnel
lens portion 13 which lies between the point M and the rise
surface 15. Therefore, the provision of the top 16 in the region
can effectively prevent blurring of a display image due to the
formation of the top 16.

In the illustrated case, the linear Fresnel lens portion 13 is
designed to change by refraction the traveling direction of
image light L, which has been enlarged and projected by the
light source 7, to a direction parallel to the normal direction nd
to the sheet plane 10a of the lens layer 10. Further, the optical
axis Ax crosses the center of the linear Fresnel lens portion 13.
Accordingly, the lens surface 14 lying in the middle of the
linear Fresnel lens portion 13 has a minimum lens angle o.

As described above, in the transmissive display device 1 of
this embodiment, the distance between the linear Fresnel lens
sheet 3 and the light source 7 is set short, and thus the maxi-
mum projection angle of light that has been projected from
the light source 7 and enters the linear Fresnel lens sheet 3 is
set at about 40° to 60° which is significantly larger than
conventional values. In such a display device, a stripe pattern,
consisting of bright and dark stripes extending in a direction
perpendicular to the first direction d1, is likely to appear on
the light exit-side surface 2a of the transmissive screen 2
when the screen is viewed in a certain direction.

It has been found through the present inventors’ studies
that the following is one of the factors that cause a stripe
pattern on the light exit-side surface 2a of the transmissive
screen 2. The following description is not intended to place
limitations on the causes of a stripe pattern. Image light L.
projected from the light source 7 enters the linear Fresnel lens
sheet 3 in a direction at a certain projection angle with respect
to the normal direction nd to the sheet plane 10a of the lens
layer 10, and travels toward each lens surface 14. The angle of
incidence, formed between the traveling direction of light that
enters a lens surface 14 and the normal direction N of the lens
surface 14, varies with the position of the lens surface 14. In
the illustrated case, the angle of incidence to a lens surface 14
increases with the distance of the lens surface 14 from the
projection surface 8 of the light source 7.

When the angle of incidence to a lens surface 14 is large,
the reflectivity of the lens surface 14 is also large. Accord-
ingly, when the angle of incidence of light to a lens surface 14
is relatively large, a small proportion of the light exits the lens
surface 14. As described above, the angle of incidence to a
lens surface 14 increases with the distance of the lens surface
14 from the projection surface 8 of the light source 7. There-
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fore, a relatively low amount of light exits a lens surface 14
lying in a region 13s (see FIG. 2), remote from the light
source, of the linear Fresnel lens portion 13, and reaches a
region, facing the lens surface 14, of the diffusion sheet 4. It
is therefore conceivable that when the transmissive screen 2 is
viewed in a certain direction, a region 2s in which a difference
in the amount of light can be produced may appear on the light
exit-side surface 2a of the transmissive screen 2.

Part of incident light to a lens surface 14, which cannot exit
the lens surface 14, reflects from the lens surface 14 and
travels inside the linear Fresnel lens sheet 3. Part of the light
traveling inside the linear Fresnel lens sheet 3 reflects from
the light source-side surface of the linear Fresnel lens sheet 3
and travels toward the linear Fresnel lens portion 13. The
present inventors’ research has revealed that the light travel-
ing toward the linear Fresnel lens portion 13 mostly reaches a
particular region in the region 13s, remote from the light
source, of the linear Fresnel lens portion 13. It is conceivable
that Light that has exited a lens surface 14 or a rise surface 15,
lying in the particular region, is diffused in the diffusion sheet
4, thereby forming bright portions in the region 2s in which a
difference in the amount of light can be produced and which
may appear on the light exit-side surface 2a of the transmis-
sive screen 2 when the transmissive screen 2 is viewed in a
particular direction. It is conceivable that a stripe pattern,
consisting of bright and dark stripes extending in a direction
perpendicular to the first direction d1, is produced on the light
exit-side surface 24 of the transmissive screen 2 by the above
mechanism.

The present inventors have also made research on the angle
of'incidence of light that enters a lens surface 14 in case of the
formation of a stripe pattern on the light exit-side surface 2a
of the transmissive screen 2. The angle of incidence of light
that enters a lens surface 14 is largest at a lens surface 14 lying
farthest from the projection surface 8. Therefore, the research
was focused on the angle of incidence of light that enters the
lens surface 14 lying farthest from the projection surface 8.
Light to be studied is one that enters the lens surface 14 in a
direction inclined outward in the first direction d1 from the
normal direction to the lens surface 14, and is deflected
inward in the first direction d1 when exiting the lens surface
14. FIG. 5 shows, in an enlarged manner, image light L that
enters a lens surface 14 lying farthest from the projection
surface 8.

It has been found that a stripe pattern can appear on the
light exit-side surface 2a of the transmissive screen 2 when
the following relation (1) is satisfied:

0L°-61°<10° o)

where 0L is the critical angle at the lens surface 14 lying
farthest from the projection surface 8, and 61 is the angle
formed between the traveling direction of light that enters the
lens surface 14 and the normal direction N of the lens surface
14.

As described above, as the angle of incidence to a lens
surface 14 increases, the proportion of light that reflects from
the lens surface 14 increases. When the angle of incidence to
the lens surface 14 reaches the critical angle 6L, the light
totally reflects from the lens surface 14. Thus, as the angle of
incidence to the lens surface 14 approaches the critical angle
0L, the proportion of light that reflects from the lens surface
14 increases. When the relation (1) is satisfied, the angle 61 of
incidence to the lens surface 14 lying farthest from the pro-
jection surface 8 is close to the critical angle 61 ; therefore, a
high proportion of light reflects from the lens surface 14,
while a low proportion of light exits the lens surface 14. As
described above, when the proportion of light that exits the
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lens surface 14 is low, the amount of light that reaches a
region, facing the lens surface 14, of the diffusion sheet 4 is
low. It is therefore conceivable that when the transmissive
screen 2 is viewed in a particular direction, the region 2s in
which a difference in the amount of light can be produced
may appear on the light exit-side surface 2a of the transmis-
sive screen 2. On the other hand, when the proportion of light
that reflects from the lens surface 14 is high, part of the light
that has reflected from the lens surface 14 reflects from the
light source-side surface 3a of the linear Fresnel lens sheet 3,
and mostly reaches a certain region of the linear Fresnel lens
portion 13. It is conceivable that Light that has exited a lens
surface 14 or a rise surface 15, lying in the certain region, is
diffused in the diffusion sheet 4, thereby forming bright por-
tions in the region 2s in which a difference in the amount of
light can be produced and which may appear on the light
exit-side surface 2a of the transmissive screen 2 when the
transmissive screen 2 is viewed in a particular direction. It is
therefore conceivable that when the relation (1) is satisfied, a
stripe pattern is produced on the light exit-side surface 2a of
the transmissive screen 2.

The critical angle 6L can be expressed by the following
formula (2):

OL=arcsin(1/x) @

where n is the refractive index of the lens layer 10.

The normal direction N of the lens surface 14 lying farthest
from the projection surface 8 is inclined at the lens angle a1
of'the lens surface 14 with respect to the normal direction nd
to the sheet plane 10a of the lens layer 10, and light L1 that
enters the lens surface 14 is inclined at 61° with respect to the
normal direction N of the lens surface 14. Accordingly, the
light L1 is inclined at (ct1-01°) with respect to the normal
direction nd to the sheet plane 10a of the lens layer 10. For the
projection angle 82° of the light [.1, formed between the
normal direction nd of the lens layer 10 and the traveling
direction of the light L1 that enters the surface 3a, facing the
light source 7, of the linear Fresnel lens sheet 3, the following
relation (3) holds based on the Snell’s law:

sin 02=n-sin(a1-01) 3)

01 can be determined from the equation (3) as follows:

01=al-arcsin(1/x-sin 62) @

The light L1 can be regarded as light which is projected
from the center of the projection surface 8 and enters the
center of the lens surface 14 lying farthest from the projection
surface 8. The travel distance of the light .1 in the linear
Fresnel lens sheet 3 is negligibly short compared to the travel
distance of the light I.1 from the light source 7 to the surface
3a of the linear Fresnel lens sheet 3. Therefore, the following
equation holds for the angle 61° formed between the normal
direction nd to the sheet plane 104 of the lens layer 10 and an
imaginary line LO connecting the center of the projection
surface 8 with the center of the lens surface 14 lying farthest
from the projection surface 8:

02=0i )

By substituting the equations (2), (4) and (5) into the equa-
tion (1), the following relation (6) is obtained:

al®+arcsin(1/x)°+arcsin(1/x-sin 07)°=<10°

(6
As described above, the relational expression (6) indicates
conditions for the formation of a stripe pattern on the light
exit-side surface 2a of the transmissive screen 2.
In this embodiment, in order to obscure a stripe pattern
which can appear on the light exit-side surface 2a of the
transmissive screen 2, the diffusion layer 20 is disposed on the
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side of the second surface 12 of the lens layer 10. FIG. 6
illustrates the behavior of image light L. from the light source
7 in the diffusion layer 20. As shown in FIG. 6, the image light
7 which has been projected from the light source 7 and
entered the linear Fresnel lens sheet 3 is diffused in the dif-
fusion layer 20. The image light L. which has been diffused in
the diffusion layer 20 is deflected at a lens surface 14 so that
the angle of the light with respect to the normal direction nd
of the lens layer 10 becomes smaller, and is diffused in the
diffusion sheet 4 in various directions.

If image light rays L that have entered the linear Fresnel
lens sheet 3 are diffused in the diffusion layer 20 and enter a
wide area of the linear Fresnel lens portion 13, then the outline
of'an image formed by the image light rays L. may be blurred.
Thus, the quality of display images may be poor. In this
embodiment, therefore, the maximum distance between the
linear Fresnel lens portion 13 of the lens layer 10 and the
surface 20a of the diffusion layer 20, lying on the side oppo-
site from the lens layer 10, is set not more than 1.0 mm.
According to such a construction, image light rays [ that have
entered the linear Fresnel lens sheet 3 and have been diffused
in the diffusion layer 20 can enter the linear Fresnel lens
portion 13 mainly in a limited area. Thus, even though light
that has entered the linear Fresnel lens sheet 3 is diffused in
the diffusion layer 20, the light can be prevented from reach-
ing a lens surface 14 lying in a position remote from the
incident position to the linear Fresnel lens sheet 3 along the
sheet plane 10a of the lens layer 10. This can effectively
prevent blurring of the outline of an image formed by image
light rays L, thus making it possible to effectively prevent
deterioration of the quality of display images.

The distance between the linear Fresnel lens portion 13 of
the lens layer 10 and the surface 20a of the diftusion layer 20,
lying on the side opposite from the lens layer 10, can be
adjusted by appropriately setting e.g. the thickness of the
substrate 30 or the thickness of the matrix 21 of the diffusion
layer 20.

In this embodiment the surface 20a of the diffusion layer
20, lying on the side opposite from the lens layer 10 and
facing the light source 7, defines the light source 7-side sur-
face 3a of the linear Fresnel lens sheet 3. The surface 20a of
the diffusion layer 20, facing the light source 7, forms an
interface having a refractive index different from that of sur-
rounding air. Owing to the interface, light that has been
reflected in the linear Fresnel lens portion 13 of the linear
Fresnel lens sheet 3 and returned to the diffusion layer 20 can
be reflected at a high reflectivity back toward the linear
Fresnel lens portion 13. The light that has been reflected from
the linear Fresnel lens portion 13 is diffused in the diffusion
layer 20 both when the light is traveling toward the interface
and when the light is traveling toward the linear Fresnel lens
portion 13 after it has reflected from the interface. Thus, light
that has been reflected from a lens surface 14 of the linear
Fresnel lens portion 13 and returned to the diffusion layer 20
is strongly diffused as compared to light that exits the lens
surface 14 without being reflected from the lens surface 14.
The light that has been strongly diffused in the diffusion layer
20 reaches a wide area of the linear Fresnel lens portion 13.
Thus, the light can be prevented from mostly reaching par-
ticular lens surfaces 14. This makes it possible to obscure a
stripe pattern, consisting of bright and dark stripes, which can
appear on the light exit-side surface of the transmissive screen
2 when the transmissive screen 2 is viewed in a certain direc-
tion. A stripe pattern can thus be obscured by allowing light,
which undergoes internal reflection in the linear Fresnel lens
sheet 3, to be diffused before it reaches the linear Fresnel lens
portion 13.
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The diffusion layer 20 of this embodiment comprises a
matrix 21 and a diffusing component 22 for diffusing light,
dispersed in the matrix 21. The diffusing component 22
herein refers to a component which can exert an optical
action, such as refraction or reflection, on light traveling in the
diffusion layer 20 to change the traveling direction of the
light. Such a light diffusing effect (light scattering effect) of
the diffusing component 22 can be produced by using, as the
diffusing component 22, a material having a different refrac-
tive index from that of the matrix 21, or a material which can
exert a reflective effect on light. The diffusing component 22
having a different refractive index from that of the matrix 21
may be exemplified by resin beads, glass beads, a metal
compound or a porous material containing a gas, or air
bubbles.

Due to the diffusing component 22 dispersed in the matrix
21, the diffusion layer 20 can perform a light diffusing func-
tion. The degree of the diffusing effect of the diffusion layer
20 can be adjusted in a very wide range by appropriately
adjusting the resin material of the matrix 21, the thickness of
the matrix 21, the structure of the diffusing component 22, the
concentration of the diffusing component 22, etc. The degree
of'the diffusing effect of the diffusion layer 20, which may be
adjusted in a wide range, can be expressed in terms of the
degree of internal diffusion of the diffusion layer 20 in the
linear Fresnel lens sheet 3. The “degree of internal diffusion
of the diffusion layer 20 in the linear Fresnel lens sheet 3”
indicates the degree of diffusion of light by the diffusion layer
20 as incorporated in the linear Fresnel lens sheet 3. In par-
ticular, the degree of internal diffusion indicates the degree of
diffusion of light by the diffusion layer 20, determined in
consideration of the diffusion of light within the diffusion
layer 20, the diffusion of light at the interface between the
diffusion layer 20 and a layer adjacent to the light entrance
side of the diffusion layer 20, and the diffusion of light at the
interface between the diffusion layer 20 and a layer adjacent
to the light exit side of the diffusion layer 20. A haze value,
measured in accordance with JISK7361-1, isused as an index
of the degree of light diffusion. Thus, the total sum of the
degree of light diffusion within the diffusion layer 20, the
degree of light diffusion at the interface between the diffusion
layer 20 and a layer adjacent to the light entrance side of the
diffusion layer 20, and the degree of light diffusion at the
interface between the diffusion layer 20 and a layer adjacent
to the light exit side of the diffusion layer 20, is expressed in
terms of a haze value measured in accordance with JIS
K7361-1.

A method for measuring the degree of internal diffusion of
the diffusion layer 20 in the illustrated linear Fresnel lens
sheet 3 will now be described. In the linear Fresnel lens sheet
3 of this embodiment, the lens surfaces 14 of the lens layer 10
also function to change the traveling direction of light. Fur-
ther, the diffusion layer 20 provides the light entrance-side
(light source 7-side) surface of the linear Fresnel lens sheet 3,
which forms an interface between it and surrounding air. In
this case, in determining the degree of internal diffusion of the
diffusion layer 20, a sample which can neglect the diffusion of
light by the lens surfaces 14 of the lens layer 10 is produced,
and the haze value of the sample is measured in accordance
with JIS K7361-1. In particular, the smaller the lens angle o
of'alens surface 14 is, the less is the lens effect of changing the
traveling direction of light traveling in the normal direction nd
to the sheet plane 10a of the lens layer 10. Therefore, it is
possible to remove a region, containing a lens surface 14
having the smallest lens angle a, from the linear Fresnel lens
sheet 3, and use it as a sample for haze value measurement.
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Alternatively, as a sample for haze value measurement can
be used a sample produced by flattening (filling) the surface
irregularities on the light exit side of the linear Fresnel lens
sheet 3, formed by the lens surfaces 14 of the lens layer 10,
with a material having the same refractive index as that of the
material of the lens layer 10.

It has been found through the present inventors’ studies
that the degree of internal diffusion of the diffusion layer 20 in
the linear Fresnel lens sheet 3 is preferably not less than 70%.
In this case, a stripe pattern consisting of bright and dark
stripes, which can appear on the light exit-side surface 2a of
the transmissive screen 2, can be obscured to an imperceptible
level at any viewing angle.

In another embodiment of the diffusion layer 20, the light
source 7-side surface 3a of the linear Fresnel lens sheet 3 may
have fine irregularities formed e.g. by embossing. In yet
another embodiment of the diffusion layer 20, the light source
7-side surface 3a of the linear Fresnel lens sheet 3 may have
fine lens-shaped structures.

An acrylic resin, such as a urethane acrylate resin or an
epoxy acrylate resin, may be preferably used as a resin mate-
rial for the lens layer 10 constituting the linear Fresnel lens
sheet 3. The refractive index of the resin material for the lens
layer 10 is adjusted e.g. to about 1.55 to 1.65. On the other
hand, a resin film, such as a PET film, an acrylic resin film or
a polycarbonate film, may be used as the substrate 30. The
substrate 30 is selected depending on the method for shaping
the linear Fresnel lens portion 13, and may not necessarily be
provided.

The diffusion sheet 4 which, together with the linear
Fresnel lens sheet 3, constitutes the transmissive screen 2 will
now be described with reference to FIGS. 1 and 2. As shown
in FIGS. 1 and 2, the diffusion sheet 4 comprises a laminate of
a light control layer 41, an adhesive layer 44, a light exit-side
diffusion layer 45, a substrate 46 and a hard coating layer 47,
disposed in this order from the light entrance side to the light
exit side.

The light control layer 41, which is disposed nearest to the
linear Fresnel lens sheet 3, functions to absorb external light
that has entered the diffusion sheet 4, thereby enhancing the
contrast of the screen. In addition, the light control layer 41 of
this embodiment diffuses light from the linear Fresnel lens
sheet 3, thereby allowing the image light to exit in a wide
vertical range. The light control layer 41 comprises a body
portion 42 having a plurality of horizontally-extending
grooves 42a. The grooves 42a formed in the body portion 42
are arranged in the vertical direction. Each groove 42a is
tapered with distance from the substrate 46 in the thickness
direction of the light control layer 41. The grooves 42a of the
body portion 42 are filled with unit optical elements 43 of a
resin material. Each unit optical element 43 forms an inter-
face having a refractive index different from that of the body
portion 42. At least part of image light LL that has exited the
linear Fresnel lens sheet 3 and entered the light control layer
41 of the diffusion sheet 4 is reflected from the interface so
that the image light L can be diffused before it exits the light
exit-side surface 2a of the hard coating layer 47.

A light transmissive region 4254 is defined between two
adjacent grooves 424 formed in the body portion 42. Thus, the
grooves 42a and the light transmissive regions 424 are
arranged alternately in the vertical direction in the body por-
tion 42. Light that passes through the light transmissive
regions 425 includes light that directly travels into the adhe-
sive layer 44 without entering a groove 42a, and light that
travels into the adhesive layer 44 after entering a groove 42a
and reflecting from the interface between the unit optical
element 43 and the body portion 42. The light guide layer 41
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can thus reflect and diffuse image light L. at the interfaces
between the unit optical elements 43 and the body portion 42,
thereby allowing the image light L to exit in a wide vertical
range.

The unit optical elements 43 of this embodiment contain
light absorbing particles, and can therefore effectively absorb
external light that has entered the transmissive screen 2. The
light guide layer 41 can thus enhance the contrast of images
displayed on the transmissive screen 2.

The light guide layer 41 is not limited to the above-de-
scribed construction, and may have any other appropriate
construction that can absorb external light which has entered
the diffusion sheet 4, thereby enhancing the contrast of the
screen. For example, the light guide layer 41 may include a
plurality of lenticular lenses arranged in a particular direction.
In particular, a plurality of lenticular lenses, each extending in
a horizontal direction, may be arranged vertically. Such a
light guide layer 41 can absorb external light which has
entered the diffusion sheet 4, thereby enhancing the contrast
of the screen and, in addition, can vertically diffuse image
light from the linear Fresnel lens sheet 3, thereby allowing the
image light to exit in a wide vertical range. Alternatively,
when emphasis is placed on the horizontal viewing angle, a
plurality of lenticular lenses, each extending in the vertical
direction, may be arranged horizontally. Such a light guide
layer 41 can absorb external light which has entered the
diffusion sheet 4, thereby enhancing the contrast of the screen
and, in addition, can horizontally diffuse image light from the
linear Fresnel lens sheet 3, thereby allowing the image light to
exit in a wide horizontal range.

The adhesive layer 44 is disposed adjacent to the light
guide layer 41 and to the light exit-side diffusion layer 45, and
bonds the light guide layer 41 and the light exit-side diffusion
layer 45 together. The light exit-side diffusion layer 45 is
provided to diffuse image light L. from the linear Fresnel lens
sheet 3 and allow the image light L. to exit toward a viewer in
awide range. The hard coating layer 47 is provided to protect
the display surface of the diffusion sheet 4 on which an image
is displayed by image light L. The respective components of
the diffusion sheet 4 may be those which are per se known in
the art of transmissive screens, and therefore a detailed
description thereof is omitted.

The operation of the transmissive display device 1 of this
embodiment will now be described with reference to the
drawings.

As shown in FIG. 2, image light [ emitted from the light
source 7 enters the diffusion layer 20 of the linear Fresnel lens
sheet 3. The image light L. that has entered the diffusion layer
20 is diffused in the diffusion layer 20 and travels toward the
linear Fresnel lens portion 13. The image light L. that has
reached the linear Fresnel lens portion 13 is deflected at a lens
surface 14 so that the direction of the image light L. becomes
parallel to the normal direction nd to the lens surface 10a of
the lens layer 10. Because the distance between the linear
Fresnel lens sheet 3 and the light source 7 is set short in this
embodiment, the angle of incidence of light is large when the
light enters a lens surface 14 lying remote from the light
source 7 in the first direction d1. Thus, the reflectivity of the
lens surface 14 is also large, and therefore a certain proportion
of the light is reflected from the lens surface 14.

Light that reflects from a lens surface 14 and thus cannot
exit the lens surface 14 travels in the linear Fresnel lens sheet
3. Part of the light traveling in the linear Fresnel lens sheet 3
reflects from the light source-side surface 3a of the linear
Fresnel lens sheet 3, and is returned toward the linear Fresnel
lens portion 13. The light that has been reflected from the
linear Fresnel lens portion 13 is diffused in the diffusion layer
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20 both when the light is traveling toward the light source-
side surface 3a and when the light is traveling toward the
linear Fresnel lens portion 13 after it has reflected from the
surface 3a. The light is thus strongly diffused in the diffusion
layer 20, and exits the linear Fresnel lens portion 13 in a wide
area in the region 13s (see FIG. 2) lying remote from the light
source 7. It therefore becomes possible to allow light to effec-
tively exit the region 13s, lying remote from the light source
7, of the linear Fresnel lens portion 13, and travel toward the
diffusion sheet 4 facing the region 13s.

Image light L that has exited a lens surface 14 enters the
diffusion sheet 4. The image light [ that has entered the
diftusion sheet 4 is diffused in the diffusion sheet 4 before
exiting it. In particular, image light L that has been deflected
into a direction approximately parallel to the normal direction
nd of the lens layer 10 is effectively diffused in the diffusion
sheet 4 so that the light travels in various directions. Thus, it
becomes possible to allow image light L to exit toward a
viewer in a wide range.

As described hereinabove, the transmissive screen 2 of this
embodiment comprises: the lens layer 10 having the first
surface 11, in which the linear Fresnel lens portion 13 is
formed, and the second surface 12 opposite the first surface
11; and the diffusion layer 20 disposed on the side of the
second surface 12 of the lens layer 10. According to the
transmissive display device 1 of this embodiment, image light
L which has been projected from the light source 7 and has
entered the linear Fresnel lens sheet 3 is diffused in the dif-
fusion layer 20 before it reaches the linear Fresnel lens por-
tion 13. Part of the image light L reflects from a lens surface
14 and travels toward the light source-side surface 3a of the
linear Fresnel lens sheet 3. Part of the light then reflects from
the light source-side surface 3a, and is returned toward the
linear Fresnel lens portion 13. The light that has been reflected
from the linear Fresnel lens portion 13 is thus diffused in the
diffusion layer 20 both when the light is traveling toward the
light source-side surface 3a and when the light is traveling
toward the linear Fresnel lens portion 13 after it has reflected
from the surface 3a. The light is thus strongly diffused in the
diffusion layer 20, and reaches a wide area of the linear
Fresnel lens portion 13. Thus, the light can be prevented from
mostly reaching particular lens surfaces 14. This makes it
possible to obscure a stripe pattern, consisting of bright and
dark stripes, which may appear on the light exit-side surface
of'the transmissive screen 2 when the transmissive screen 2 is
viewed in a particular direction.

As described above, the transmissive display device 1 of
this embodiment satisfies the following relation:

—al°+arcsin(1/m)°+arcsin(1/m-sin 67)°<10°

Q)

The distance v between the linear Fresnel lens sheet 3 and
the light source 7 is short when the relation (6) is satisfied. The
transmissive display device 1 can therefore be designed to be
compact. In addition, when the relation (6) is satisfied, light
from the projection surface 8 of the light source can be made
to directly enter the linear Fresnel lens sheet 3 without using
a deflecting means such as a mirror. The transmissive display
device 1 can therefore be produced at a low cost with a simple
mechanism.

There is fear that due to vibration that may occur during
transportation of the transmissive screen 2, the tops 16 of the
linear Fresnel lens portion 13 of the linear Fresnel lens sheet
3 can make contact with the diffusion sheet 4. If the tops 16 of
the linear Fresnel lens sheet 3 make contact with the diffusion
sheet 4, the tops 16 can be crushed under pressure from the
diffusion sheet 4 or can scratch the surface of the diffusion
sheet 4. In this embodiment each top 16 has the shape of a
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curved surface whose curvature changes smoothly and con-
tinuously, or a flat surface approximately parallel to the sheet
plane 10a. This can make the tops 16 of the linear Fresnel lens
sheet 3 less crushable under pressure from the diffusion sheet
16, and can reduce the fear of the tops 16 scratching the
surface of the diffusion sheet 4. The formation of each top 16
as a flat or curved surface does not require any special pack-
aging upon transportation or special handling upon assem-
bling work, and therefore does not involve a high transporta-
tion or assembling cost.

EXAMPLES CONCERNING THE FIRST
EMBODIMENT

The following examples illustrate the present invention in
greater detail and are not intended to limit the invention in any
manner. Linear Fresnel lens sheets of Examples 1 to 3 and
Comparative Example 1 were produced in the below-de-
scribed manner. Transmissive screens, each incorporating
one of the linear Fresnel lens sheets, were examined for the
appearance of a strip pattern.

The linear Fresnel lens sheets of Examples 1 to 3 have the
construction shown in FIG. 3.

Example 1

A UV curable resin was supplied between a substrate film
and a roll-shaped mold for shaping of a linear Fresnel lens
portion, and then the UV curable resin was cured to prepare an
intermediate laminate consisting of the substrate film and a
lens layer. A PET film having a thickness of 0.188 mm was
used as the substrate film. The UV curable resin for the lens
layer had a refractive index of 1.55.

Next, a diffusion layer was bonded to the intermediate
laminate. The diffusion layer had a thickness of 0.010 to
0.020 mm and had fine surface irregularities formed by
embossing.

Examples 2 and 3

The linear Fresnel lens sheets of Examples 2 and 3 were the
same as the linear Fresnel lens sheet of Example 1 except that
the degree of the diffusing effect of the diffusion layer differs
between them.

In particular, the degree of the diffusing effect of the dif-
fusion layer was made higher in the linear Fresnel lens sheets
of Examples 2 and 3 than in the linear Fresnel lens sheet of
Example 1 by adjusting the size and the density of the fine
surface irregularities.

The lens layer and the substrate of the linear Fresnel lens
sheets of Examples 2 and 3 were the same as those of the
linear Fresnel lens sheet of Example 1. Thus, the intermediate
laminate, consisting of the lens layer 10 and the substrate 30,
was the same among the linear Fresnel lens sheets of
Examples 1 to 3.

Comparative Example 1

The linear Fresnel lens sheet of Comp. Example 1 was the
same as the linear Fresnel lens sheet of Example 1 except for
not having the diffusion layer. Thus, the linear Fresnel lens
sheet of Comp. Example 1 consists of the same substrate and
the same shaped lens layer formed from the UV curable resin.
Thus, the linear Fresnel lens sheet of Comp. Example 1 cor-
responds to the intermediate laminate of Examples 1 to 3.
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[Measurement of the Degree of Internal Diffusion of the
Diffusion Layer]

For each of the linear Fresnel lens sheets of Examples 1 to
3 and Comp. Example 1, the degree of internal diffusion of the
diffusion layer was measured. A region containing a lens
surface having the smallest lens angle, which is approxi-
mately 0°, was removed from each linear Fresnel lens sheet,
and used as a sample for haze value measurement. The
samples were subjected to haze value measurement con-
ducted in accordance with JIS K7361-1. The results of the
measurement are shown in the column “internal diffusion
degree” in Table 1.

[Method for Evaluating a Stripe Pattern and the Evaluation
Results]

Transmissive display devices, each comprising a transmis-
sive screen and a light source as shown in FIG. 1, were
produced. Each of the linear Fresnel lens sheets of Examples
1 to 3 and Comp. Example 1 was used as the linear Fresnel
lens sheet of each transmissive screen. Components incorpo-
rated in a commercially-available transmissive display device
were used as the components, other than the linear Fresnel
lens sheet, of each transmissive display device tested.

Image lights were projected from the light source onto the
transmissive screen at varying projection angles, and the light
exit-side surface of the transmissive screen was visually
checked for the appearance of a stripe pattern on it. More
specifically, the relative position between the projection sur-
face of the light source and the linear Fresnel lens sheet was
changed in four ways, and the angle 61 shown in FIG. 5 was
measured in each case. The results of the visual check for a
strip pattern on the transmissive screen, using each of the
linear Fresnel lens sheets of Examples 1 to 3 and Comp.
Example 1, are shown in Table. 1. Further, the calculation
values of the left-hand side of the expression (6) are shown in
the column “expression (6)” in Table 1. In the expression (6),
“al” is the lens angle of a lens surface lying farthest from the
projection surface. In Table 1, the symbol X indicates a
sample in which upon projection of image lights from the
light source onto the transmissive screen at varying projection
angles, a clear stripe pattern appeared on the light exit-side
surface of the transmissive screen when observed in a par-
ticular direction; and the symbol © indicates a sample in
which no stripe pattern was observed. The symbol O indi-
cates a sample in which upon projection of image lights from
the light source onto the transmissive screen at varying pro-
jection angles, a stripe pattern was found when the light
exit-side surface of the transmissive screen was carefully
observed in a particular direction, but the stripe pattern was of
such a degree as not to cause a problem in normal use of the
display device.

TABLE 1
Ex.1 Ex.2 Ex.3 Comp.1

Angle Expression Degree of internal diffusion

0i al (6) 18.5 70 80.4 2
56.0 69.5 3.0 O C] ©] X
47.7 63.9 4.8 O C] ©] X
36.5 54.0 8.7 O @ ©] X
19.5 33.0 19.6 — — — None
18.4 31.3 20.6 — — — None

As can be seen from the results for Comp. Example 1 in
Table 1, the larger the projection angle of image light is, the
more a stripe pattern, consisting of bright and dark stripes, is
likely to appear on the light exit-side surface of the transmis-

15

25

40

45

55

60

20

sive screen when the screen is viewed in a particular direction.
The data in Table 1 shows that no stripe pattern appears when
the value of the left-hand side of the expression (6) is not less
than 19.6°, whereas a stripe pattern appears when the value is
not more than 8.7°.

In the samples using the linear Fresnel lens sheets of
Examples 1 to 3, no clear stripe pattern appeared on the light
exit-side surface of the transmissive screen even when the
screen was viewed in various directions. In particular, in the
samples using the linear Fresnel lens sheets of Examples 2
and 3, no stripe pattern was found on the light exit-side
surface of the transmissive screen even when the screen was
viewed in various directions. The results thus indicate that a
stripe pattern can be prevented from appearing on the exit-
side surface of the transmissive screen by adjusting the degree
of'internal diffusion of the diffusion layer in the linear Fresnel
lens sheet to not less than 70%.

<Second Embodiment>

A second embodiment of the present invention will now be
described with reference to FIG. 7. FIG. 7 is a schematic plan
view of a transmissive display device according to the second
embodiment of the present invention. The second embodi-
ment illustrated in FIG. 7 differs from the first embodiment in
that the linear Fresnel lens sheet 3 includes a plurality of
linear Fresnel lens portions 13. The other construction of the
second embodiment may be the same as the first embodiment.
In the following description and the relevant drawings of the
second embodiment, the same reference numerals are used
for the same members or elements as used in the above-
described first embodiment, and a duplicate description
thereof will be omitted.

As shown in FIG. 7, the transmissive display device 1 of
this embodiment includes a transmissive screen 2 and a plu-
rality of light sources (image light sources) 7 each having a
projection surface 8 for projecting image light L toward the
linear Fresnel lens sheet 3 of the transmissive screen 2.

The projection angle of image light I projected from each
light source 7 is determined according to a combination with
the below-described linear Fresnel lens portion 13. Image
lights L. from the light sources 7 may display the same or
different images. In the case where image lights [ display
different images, the different images may be combined so
that the images as a whole make one display image.

The transmissive screen 2 will now be described in detail.
As in the first embodiment, the transmissive screen 2 com-
prises the linear Fresnel lens sheet 3 and a diffusion sheet 4.
The diffusion sheet 4 may be substantially the same as that of
the first embodiment.

As shown in FIG. 7, the linear Fresnel lens sheet 3 includes
a lens layer 10 disposed on the diffusion sheet 4 side, a
diffusion layer 20 disposed on the light source 7 side, and a
substrate 30 disposed between the lens layer 10 and the dif-
fusion layer 20. A plurality of linear Fresnel lens portions 13
are formed in the first surface 11 of the lens layer 10. Each
linear Fresnel lens portion 13 deflects image light rays L from
the corresponding light source 7 to make the image light rays
L, exiting the linear Fresnel lens portion 13 toward a viewer,
approximately parallel to each other. Each linear Fresnel lens
portion 13 has an optical center O. The construction of each
linear Fresnel lens portion 13 is substantially the same as the
above-described linear Fresnel lens portion 13 of the first
embodiment, and therefore a detailed description thereof is
omitted.

The linear Fresnel lens portions 13 are formed integrally.
Thus, as will be appreciated from the below-described pro-
duction method, no joint is formed between adjacent linear
Fresnel lens portions 13.
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In this embodiment the length of the linear Fresnel lens
sheet 3 in the first direction d1 is significantly large compared
to the distance v between each light source 7 and the linear
Fresnel lens sheet 3. In such a case, if image light L is pro-
jected from the projection surface of a single light source
directly onto a linear Fresnel lens sheet, then the angle of
incidence of an image light ray L that enters a lens surface 14
lying remote from the light source in the first direction d1 will
be considerably large. Accordingly, the reflectivity at the lens
surface 14 is large; therefore, an image formed by image light
L appears dark in a region lying remote from the light source
in the first direction d1. Thus, in a common rear-projection
transmissive image display device 1 which uses a single pro-
jection surface of a single light source 7, the length of the
transmissive screen 2 in the first direction d1 cannot be made
sufficiently long if the distance v between the light source 7
and the linear Fresnel lens sheet 3 is set short. The lens angle
a of a lens surface 14 increases with increase in the angle of
incidence of image light L to the lens surface 14. If the lens
angle o of a lens surface 14 exceeds 70°, it is difficult to
machine a roll-shaped mold for shaping of the lens surface 14
under mass-productive machining conditions. Thus, in the
case where image light is projected from the projection sur-
face of a single light source 7 directly onto a linear Fresnel
lens sheet 3 in a transmissive display device in which the
length of the linear Fresnel lens sheet 3 in the first direction d1
is significantly larger than the distance v between the light
source 7 and the linear Fresnel lens sheet 3, it is not possible
to shape in a mass-productive manner those lens surfaces
which lie remote from the light source 7.

In this embodiment, therefore, the plurality of linear
Fresnel lens portions 13 are arranged side by side along the
first direction d1. Correspondingly, the plurality of light
sources 7 are arranged side by side along the first direction d1.
According to the transmissive display device 1 having such a
construction, the maximum inclination angle of image light
L, projected from the projection surface of each light source
7, with respect to the normal direction nd can be reduced as
compared to the case where image light is projected from the
projection surface of a single light source onto a linear Fresnel
lens sheet having a single linear Fresnel lens portion. This can
reduce the reflectivity of each lens surface 14 to a low level,
thereby effectively preventing an image, formed by image
light L, from appearing dark.

In this embodiment the linear Fresnel lens portions 13 have
the same length u in the first direction d1. However, the linear
Fresnel lens portions 13 may have different lengths u in the
first direction d1. In this embodiment the linear Fresnel lens
portions 13 have the same shape: the linear Fresnel lens
portions 13 have the same size, and the lens surfaces 14 of the
linear Fresnel lens portions 13 are arranged in the same man-
ner. However, the linear Fresnel lens portions 13 may have
different shapes. Two adjacent linear Fresnel lens portions 13
are arranged with almost no space therebetween. In particu-
lar, the gap between two adjacent linear Fresnel lens portions
13 is not more than 2.0 mm, preferably not more than 1.0 mm.

The thus-constructed transmissive display device of this
embodiment can achieve substantially the same effects as the
above-described transmissive display device of the first
embodiment, and therefore a detailed description thereof will
be omitted.

As described above, in this embodiment the linear Fresnel
lens portions 13 are formed integrally. This enables high-
accuracy positioning of the relative position of the linear
Fresnel lens portions 13. Further, by positioning the single
linear Fresnel lens sheet 3 with respect to the light sources 7,
each linear Fresnel lens portion 13 can be positioned with
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respect to the corresponding light source 7 easily with high
accuracy. This makes it possible to smoothly connect images
formed by image lights L. from adjacent light sources 7.

In the above-described embodiment the transmissive dis-
play device 1 includes the plurality of light sources 7 having
the projection surfaces 8 for projecting image light L onto the
linear Fresnel lens sheet 3; the projection surface 8 of each
light source 7 projects image light L. onto the corresponding
linear Fresnel lens portion 13. However, the present invention
is not limited to the use of such light sources 7. The transmis-
sive display device may include a single light source having a
plurality of projection surfaces for projecting image light
onto the linear Fresnel lens sheet 3. In that case, each projec-
tion surface of the single light source projects image light
onto the corresponding linear Fresnel lens portion 13. In order
to reduce the angle of incidence of image light to a lens
surface(s) 14, image light from a projection surface may be
allowed to enter the corresponding linear Fresnel lens portion
13 via a deflecting means such as a mirror.

<Third Embodiment>

A third embodiment of the present invention will now be
described with reference to FIGS. 8 through 14. FIG. 8 is a
schematic plan view of a linear Fresnel lens sheet incorpo-
rated in a transmissive display device according to a third
embodiment of the present invention. The third embodiment
illustrated in FIGS. 8 through 14 differs from the first embodi-
ment in that the linear Fresnel lens portion 213 of a linear
Fresnel lens sheet 203 has a flat portion 216 between a first
lens surface group 213a and a second lens surface group
213b. The other construction of the third embodiment may be
the same as the first embodiment. In the following description
and the relevant drawings of the third embodiment, the same
reference numerals are used for the same members or ele-
ments as used in the above-described first embodiment, and a
duplicate description thereof will be omitted.

As with the transmissive display device 1 shown in FIG. 1,
the transmissive display device of this embodiment includes
a transmissive screen and a light source. The transmissive
screen includes a linear Fresnel lens sheet 203 and a diffusion
sheet. The components, other than the linear Fresnel lens
sheet 203, of the transmissive screen may be substantially the
same as the above-described components of the first embodi-
ment, and therefore a detailed description thereof will be
omitted.

The linear Fresnel lens sheet 203 will now be described
with reference to FIGS. 8 and 9. FIG. 9 is a partial enlarged
view of a middle portion of the linear Fresnel lens sheet 203
shown in FIG. 8. The following description illustrates a case
where the linear Fresnel lens sheet 203 is produced by a
method using a UV curable resin. However, the linear Fresnel
lens sheet 203 may be produced by other methods such as
extrusion.

As shownin FIGS. 8 and 9, the linear Fresnel lens sheet 203
includes a substrate 230 and a lens layer 210 disposed on the
viewer side of the substrate 230. As is well known in the art of
linear Fresnel lens sheet, the lens layer 210 and/or the sub-
strate 230 may contain various additives such as a diffusing
agent, or may be subjected to surface treatment such as coat-
ing.

As shown in FIGS. 8 and 9, the lens layer 210 has a first
surface 211 facing the diffusion sheet 4, and a second surface
212 opposite the first surface 211 and facing the light source
7. A linear Fresnel lens portion 213, composed of a so-called
linear Fresnel lens, is formed in the first surface 211 of the
lens layer 210. The linear Fresnel lens portion 213 has a
number of lens surfaces 214 arranged in stripes. Owing to the
combination of the number of lens surfaces 214, the linear
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Fresnel lens portion 213 is expected to exert the same lens
effect on incident light as a convex lens.

More specifically, the linear Fresnel lens portion 213
includes a first lens surface group 213a consisting of a num-
ber of first lens surfaces 214a which are inclined toward one
side from the normal direction nd to the sheet plane 203a of
the linear Fresnel lens sheet 203 (the sheet plane of the lens
layer 210), and a second lens surface group 2135 consisting of
a number of second lens surfaces 2145 which are inclined
toward the opposite side from the normal direction nd. The
first lens surface group 213a is disposed on one side of the
linear Fresnel lens portion 213 along the first direction dl,
while the second lens surface group 2135 is disposed on the
other side of the linear Fresnel lens portion 213 along the first
direction d1. The first lens surfaces 2144 and the second lens
surfaces 2145 constitute the lens surfaces 214 of the linear
Fresnel lens sheet 203.

The lens surfaces 214 are arranged along the first direction
d1 extending in the sheet plane 2034 of the linear Fresnel lens
sheet 203. Thus, the first lens surfaces 214a and the second
lens surfaces 2145 are both arranged along the first direction
dl1. The first lens surfaces 214a are arranged with the same
pitch P, and the second lens surfaces 2145 are also arranged
with the same pitch P. Each lens surface 214 extends linearly
in a direction intersecting the first direction d1, in particular in
a direction perpendicular to the first direction d1.

The lens angle o of a lens surface 214, which is the angle of
the lens surface 214 with respect to the sheet plane 203a of the
linear Fresnel lens sheet 203, gradually changes along the first
direction d1. In this embodiment the lens angle c. of a first lens
surface 214a is larger than the lens angle o of any other first
lens surface 214a located nearer to the flat portion 216 in the
first direction d1. Similarly, the lens angle . of a second lens
surface 2145 is larger than the lens angle o of any other
second lens surface 2145 located nearer to the flat portion 216
in the first direction d1.

A rise surface 215 is provided between two adjacent lens
surfaces 214. The length of each rise surface 215 is generally
determined by the pitch P of the adjacent lens surfaces 214
and the lens angle o of the lens surface 214. As described
above, the lens angle c. of each lens surface 214 increases with
the distance of the lens surface 214 from the middle of the
linear Fresnel lens portion 213 in the first direction dl.
Accordingly, an outer rise surface 215, lying in an outer
position in the first direction d1, has a longer length along the
normal direction nd than any inner rise surface 215. No lens
effect on light is expected of the rise surfaces 215.

The flat portion 216 is provided between the first lens
surface group 2134 and the second lens surface group 2135.
The flat portion 216 will now be described with reference to
FIG. 9. As shown in FIG. 9, the flat portion 216 includes at
least one flat surface 217 which extends along the sheet plane
203a of the linear Fresnel lens sheet 203. The phrase “the flat
surface(s) 217 extends along the sheet plane 203a” herein
includes not only the case where the flat surface(s) 217
extends exactly parallel to the sheet surface 2034, but also the
case where the flat surface(s) 217 can be regarded as being
substantially flat, such as in the case where the flat surface(s)
217 is slightly inclined due to the accuracy of machining of
the below-described roll-shaped mold 100, the accuracy of
shaping of the linear Fresnel lens sheet 203, etc. For example,
when the inclination angle of the flat surface(s) 217 with
respect to the sheet plane 2034 of the linear Fresnel lens sheet
203 is 0 degree as a value rounded off to two decimal places,
the flat surface(s) 217 can fully achieve the required optical
performance and can be regarded as being substantially flat.
The flat surface(s) 217 may have fine irregularities or slight
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undulations as long as the flat surface(s) 217 can be regarded
as extending along the sheet plane 203a of the linear Fresnel
lens sheet 203 when taking a wide and global view.

Inthe case where the flat surface(s) 217 is slightly inclined,
the inclination angle of the flat surface(s) 217 with respect to
the sheet plane 2034 is smaller than the lens angle o of each
first lens surface 214q and the lens angle a. of each second lens
surface 2145. In view of this, the lens angle o of the first lens
surface 214a, lying closest to the flat portion 216, of the first
lens surface group 213a with respect to the sheet plane 203a
is preferably not less than 0.01 degrees as a value rounded off
to two decimal places. As described above, when the lens
angle o of the first lens surface 214a with respect to the sheet
plane 203a is 0.00 degree as a value rounded off to two
decimal places, the first lens surface 214a can be regarded as
being substantially flat. On the other hand, it is difficult to
machine such a lens surface with high accuracy. If the first
lens surface 214a, having a lens angle a of 0.00 degree as a
value rounded off to two decimal places, is formed, the first
lens surface 214a sometimes cannot achieve the intended
optical effect worth the machining cost. Similarly, the lens
angle a of the second lens surface 2145, lying closest to the
flat portion 216, of the second lens surface group 2135 with
respectto the sheet plane 203a is preferably not less than 0.01
degrees as a value rounded off to two decimal places.

In this embodiment the flat portion 216 preferably includes
a plurality of flat surfaces 217. Such a flat portion 216 can
have a weak diffusing effect, making it possible to further
reduce a difference in brightness which may be produced
around the middle portion of the linear Fresnel lens sheet 203
depending on the viewing position of an observer. In addition,
the flat surfaces 217 have the same length L. along the sheet
plane 203a. Therefore, by adjusting the length LL of each flat
surface 217 in advance, it is possible to obscure moire caused
by the arrangement of the flat surfaces 217 of the flat portion
216 and the arrangement of other optical elements used
together with the linear Fresnel lens sheet 203, for example,
the lens arrangement of a lenticular lens sheet in a projection
screen or the arrangement of pixels that form image light.
Thus, the occurrence of unexpected moire can be effectively
prevented. For example, when using the linear Fresnel lens
sheet 203 of this embodiment in a projection screen, moire is
likely to occur when the pixel size of image light entering the
linear Fresnel lens sheet 203 is close to the length L of each
flat surface 217 along the sheet plane 203a. Therefore, the
length L of each flat surface 217 is set to be not more than %
of' the pitch of the pixels of image light along the sheet plane
203a.

As will be described below, in general, as the length L. of
each flat surface 217 along the sheet plane 203a increases,
undulations or irregularities are more likely to be randomly
formed on the corresponding surface of a roll-shaped mold
for producing the linear Fresnel lens sheet 203, leading to the
random formation of undulations or irregularities on the flat
surfaces 217 of the linear Fresnel lens sheet 203. When light
enters such undulations or irregularities randomly formed on
the flat surfaces 217, the light will be deflected to an unin-
tended direction. Therefore, when a viewer views an area
around the flat surfaces 217, a difference in brightness can
appear in the area around the flat surfaces 217. According to
this embodiment, however, the length L. of each of the flat
surfaces 217 constituting the flat portion 216 can be adjusted
to a relatively small value in advance. This makes it possible
to prevent the random formation of undulations or irregulari-
ties on the flat surfaces 217 of the linear Fresnel lens sheet
203, thereby preventing the production of a difference in
brightness in an area around the flat surfaces 217.
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As described above, with regard to the relationship
between the flat surfaces 217 and the sheet plane 203a, the
inclination angle of each flat surface 217 with respect to the
sheet plane 203a may be, for example, about O degree as a
value rounded off to two decimal places in order for the flat
surfaces 217 to fully achieve the required optical perfor-
mance. On the other hand, with regard to the relationship
between the flat surfaces 217, the flat surfaces 217 are pref-
erably parallel to each other in order for the flat surfaces 217
to fully achieve the required optical performance. For
example, the flat surfaces 217 can be regarded as being par-
allel to each other if any two of them make an angle of 0.00
degree as a value rounded off to two decimal places, prefer-
ably not more than 0.002 degrees as a value rounded off to
three decimal places.

The flat surfaces 217 comprise a first flat surface group
216a consisting of a plurality of first flat surfaces 2174, and a
second flat surface group 2165 consisting of a plurality of
second flat surfaces 2175. The second flat surface group 2165
lies between the first flat surface group 216a and the second
lens surface group 2135. A first flat surface 2174 lies in an
inner position in the normal direction nd, in other words in a
lower position in the normal direction nd, with respect to any
other first flat surface 2174 located nearer to the first lens
surface group 2134 in the first direction d1. Similarly, a sec-
ond flat surface 21754 lies in an inner position in the normal
direction nd, in other words in a lower position in the normal
direction nd, with respect to any other second flat surface
2175 located nearer to the second lens surface group 2135 in
the first direction d1. As described below, the flat surfaces 217
having such a construction can effectively prevent the random
formation of circumferentially-extending streaks in the flat
cylindrical portions 131 of a roll-shaped mold 100. This
makes it possible to more effectively prevent the occurrence
of unexpected moire due to the arrangement of the flat sur-
faces 217 of the linear Fresnel lens sheet 203 and the arrange-
ment of other optical elements used together with the linear
Fresnel lens sheet 203.

As shown in FIG. 9, a first flat-portion rise surface 218a is
provided between two adjacent first flat surfaces 217a, while
a second flat-portion rise surface 2185 is provided between
two adjacent second flat surfaces 2175. The first flat-portion
rise surfaces 218a and the second flat-portion rise surfaces
218b may all have the same length or different lengths.

Further, as shown in FIG. 9, in a cross-section parallel to
both the first direction d1 and the normal direction nd, the first
flat surfaces 217a of the first flat surface group 2164 and the
second flat surfaces 2176 of the second flat surface group
2165 are constructed symmetrically (in terms of the shape
and the arrangement). However, the first flat surfaces 2174 of
the first flat surface group 2164 and the second flat surfaces
217b of the second flat surface group 2165 may be con-
structed asymmetrically. For example, the first flat surfaces
217a of the first flat surface group 216a may lie in different
positions in the normal direction nd from those of the second
flat surfaces 2175 of the second flat surface group 2165. This
can further obscure moire due to the arrangement of the flat
surfaces 217 and the arrangement of other optical elements
used together with the linear Fresnel lens sheet 203.

The operation of the transmissive display device of this
embodiment will now be described with reference to the
drawings.

Consider the case in which lights [.1 to L4, mainly com-
prising parallel light rays, enter the linear Fresnel lens sheet
203. Light L1 that exits a first lens surface 2144 and light .2
that exits a second lens surface 2145 are refracted at the lens
surfaces 214a, 2145 and concentrated into a predetermined
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light-concentrated area (focus area in the illustrated case). On
the other hand, light [.3-1.4 that exits flat surfaces 217 main-
tain its traveling direction upon exiting the flat surfaces 217
because the flat surfaces 217 are parallel to the sheet plane
203a. In particular, in the illustrated case, the light 1.3-[.4
travels in a direction parallel to the normal direction nd before
and after exiting the flat surfaces 217. Therefore, at least part
of the light [.3-1.4 that has exited the flat surfaces 217 can be
viewed in the predetermined light-concentrated area (focus
area in the illustrated case). This makes it possible to effec-
tively reduce and obscure a difference in brightness between
a middle portion and the other portion of the linear Fresnel
lens sheet 203, as perceived by a viewer who views light
concentrated in the light-concentrated area.

As described hereinabove, according to this embodiment,
the flat portion 216 including at least one flat surface 217 is
provided between the first lens surface group 213a and the
second lens surface group 2134. This makes it possible to
improve and reduce a difference in brightness between a
middle portion and the other portion of the linear Fresnel lens
sheet 203, which can be produced depending on the viewing
position of a viewer, to an imperceptible level. In addition,
with the flat portion 216 provided between the first lens sur-
face group 213a and the second lens surface group 2134, there
is no navel as defined by those lens surfaces whose inclination
angles with respect to the normal direction nd are symmetri-
cal. Accordingly, there is no deterioration in the quality of
display images due to the appearance of such a navel.

A roll-shaped mold 100 to be used for producing the linear
Fresnel lens sheet 203 will now be described mainly with
reference to FIGS. 10 and 11. FIG. 10 is a schematic cross-
sectional view showing a cross-section passing through the
axis of the roll-shaped mold 100 for producing the linear
Fresnel lens sheet shown in FIG. 8. FIG. 11 is a partial
enlarged cross-sectional view of a middle portion of the roll-
shaped mold 100 shown in FIG. 10.

As shown in FIG. 10, the roll-shaped mold 100 has inclined
surfaces, arranged in the axial direction r, for producing the
lens surfaces of the linear Fresnel lens sheet 203, and includes
afirstannular groove group 110 consisting of a number of first
annular grooves 111, and a second annular groove group 120
consisting of a number of second annular grooves 121. The
first annular groove group 110 is disposed on one side of the
roll-shaped mold 100 along the axial direction r, while the
second annular groove group 120 is disposed on the other side
of the roll-shaped mold 100 along the axial direction r. The
first annular grooves 111 include first inclined surfaces 112
which are inclined toward one side from the radial direction n
perpendicular to the axial direction r in a cross-section pass-
ing through the axis of the roll-shaped mold 100. The first
inclined surfaces 112 are arranged with the same pitch. The
inclination angle y of the first inclined surface 112 of a first
annular groove 111 with respect to the axial direction r is
larger than the inclination angle y of the first inclined surface
112 of any other first annular groove 111, located nearer to a
flat cylindrical portion(s) 131 in the axial direction r, with
respect to the axial direction r. On the other hand, the second
annular grooves 121 include second inclined surfaces 122
which are inclined toward the opposite side from the radial
direction n in a cross-section passing through the axis of the
roll-shaped mold 100. The second inclined surfaces 122 are
arranged with the same pitch. The inclination angle y of the
second inclined surface 122 of a second annular groove 121
with respect to the axial direction r is larger than the inclina-
tion angle y of the second inclined surface 122 of any other
second annular groove 121, located nearer to the flat cylin-
drical portion(s) 131 in the axial direction r, with respect to
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the axial direction r. The first lens surface group 2134 and the
second lens surface group 2135 of the linear Fresnel lens
sheet 203 are shaped by the first annular groove group 110 and
the second annular groove group 120 of the roll-shaped mold
100, respectively. The first lens surfaces 214q and the second
lens surfaces 2145 of the linear Fresnel lens sheet 203 are
shaped by the first inclined surfaces 112 and the second
inclined surfaces 122 of the roll-shaped mold 100, respec-
tively.

As shown in FIG. 10, each first annular groove 111 has a
first annular-groove rise surface 113 extending in the radial
direction n of the roll-shaped mold 100. Each first annular-
groove rise surface 113 is formed between two adjacent first
inclined surfaces 112. The length of each first annular-groove
rise surface 113 is generally determined by the pitch of the
first annular grooves 111 and the inclination angle y of the first
inclined surface 112. As described above, the pitch of the first
annular grooves 111 is constant, and the inclination angle y of
a first inclined surface 112 is larger than the inclination angle
vy of any other first inclined surface 112 located nearer to the
flat cylindrical portion(s) 131 in the axial direction r. Accord-
ingly, an outer first annular-groove rise surface 113, lying in
an outer position in the axial direction r, has a longer length in
the radial direction n than any inner first annular-groove rise
surface 113. Similarly, each second annular groove 121 has a
second annular-groove rise surface 123. Each second annu-
lar-groove rise surface 123 is formed between two adjacent
second inclined surfaces 122. An outer second annular-
groove rise surface 123, lying in an outer position in the axial
direction r, has a longer length in the radial direction n than
any inner second annular-groove rise surface 123. The rise
surfaces of the linear Fresnel lens sheet 203 are shaped by the
first annular-groove rise surfaces 113 and the second annular-
groove rise surfaces 123 of the roll-shaped mold 100.

The roll-shaped mold 100 has an intermediate portion 130
disposed between the first annular groove group 110 and the
second annular groove group 120. The flat portion 216 of the
linear Fresnel lens sheet 203 is shaped by the intermediate
portion 130. The intermediate portion 130 will now be
described with reference to FIG. 11. As shown in FIG. 11, the
intermediate portion 130 comprises at least one flat cylindri-
cal portion 131. The diameter of the flat cylindrical portion(s)
131 is constant along the axial direction r. The phrase “the
diameter of the flat cylindrical portion(s) 131 is constant
along the axial direction r”” herein is not limited to the strict
sense, and includes the case where the diameter of the flat
cylindrical portion(s) 131 can be regarded as being substan-
tially constant, such as in the case where the diameter of the
flat cylindrical portion(s) 131 slightly varies along the axial
direction r due to the accuracy of machining of the roll-shaped
mold 100, etc. For example, when in a cross-section passing
through the axis of the roll-shaped mold 100, the inclination
angle of the flat cylindrical portion(s) 131 with respect to the
axial direction r is 0.00 degree as a value rounded off to two
decimal places, the flat surface(s) 217 of the linear Fresnel
lens sheet 203, shaped by the flat cylindrical portion(s) 131,
can fully achieve the required optical performance and the flat
cylindrical portion(s) 131 can be regarded as being substan-
tially flat. The flat cylindrical portion(s) 131 may have fine
irregularities or slight undulations as long as the diameter can
be regarded as constant when taking a wide and global view.

In the case where the flat cylindrical portion(s) 131 is
slightly inclined, the inclination angle of the peripheral cylin-
drical surface(s) of the flat cylindrical portion(s) 131 with
respect to the axial direction r, in a cross-section passing
through the axis of the roll-shaped mold 100, is smaller than
the inclination angle v of each first inclined surface 112 and
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the inclination angle y of each second inclined surface 122. In
view of this, the inclination angle y of the first inclined surface
112 of'the first annular groove 111, lying closest to the inter-
mediate portion 130, with respect to the axial direction r is
preferably not less than 0.01 degrees as a value rounded off to
two decimal places. As described above, when the inclination
angle y of the first inclined surface 112 with respect to the
axial direction r is 0.00 degree as a value rounded off to two
decimal places, the first inclined surface 112 can be regarded
as being substantially flat. On the other hand, it is difficult to
machine such a first inclined surface 112 with high accuracy.
If the first inclined surface 112, having an inclination angle y
01'0.00 degree as a value rounded off to two decimal places,
is formed, the linear Fresnel lens sheet 203 produced some-
times cannot achieve the intended optical effect worth the
machining cost. Similarly, the inclination angle y of the sec-
ond inclined surface 122 of the second annular groove 121,
lying closest to the intermediate portion 130, with respect to
the axial direction r is preferably not less than 0.01 degrees as
a value rounded off to two decimal places.

In this embodiment the intermediate portion 130 is config-
ured as a flat cylindrical portion group including a plurality of
flat cylindrical portions 131. The flat portion 216 of the linear
Fresnel lens sheet 203, shaped by such an intermediate por-
tion 130, can have a weak diffusing effect. This makes it
possible to further reduce a difference in brightness which
may be produced around the middle portion of the linear
Fresnel lens sheet 203 depending on the viewing position of
an observer. In addition, the flat cylindrical portions 131 have
the same length 1 along the axial direction r. Therefore, by
adjusting the length 1 of each flat cylindrical portion 131 in
advance, itis possible to obscure moire caused by the arrange-
ment of the flat surfaces 217 of the flat portion 216 of the
linear Fresnel lens sheet 203, shaped by the mold 100, and the
arrangement of other optical elements used together with the
linear Fresnel lens sheet 203, for example, the lens arrange-
ment of a lenticular lens sheet in a projection screen or the
arrangement of pixels that form image light. Thus, the occur-
rence of unexpected moire can be effectively prevented.

As will be described below, in general, as the length 1 of
each flat cylindrical portion 131 along the axial direction r
increases, undulations or irregularities are more likely to be
randomly formed on the flat cylindrical portions 131, leading
to the random formation of undulations or irregularities on the
flat surfaces 217 of the linear Fresnel lens sheet 203 shaped by
the mold 100. When light enters the undulations or irregulari-
ties randomly formed on the flat surfaces 217, the light will be
deflected to an unintended direction. Therefore, when a
viewer vies an area around the flat surfaces 217, a difference
in brightness can appear in the area around the flat surfaces
217. According to this embodiment, however, the length 1 of
each of the flat cylindrical portions 131, constituting the inter-
mediate portion 130, along the axial direction r can be
adjusted to a relatively small value in advance. This makes it
possible to prevent the random formation of undulations or
irregularities on the flat surfaces 217 of the linear Fresnel lens
sheet 203, thereby preventing the production of a difference
in brightness in an area around the flat surfaces 217.

In the case of a flat cylindrical portion 131 having a long
length 1 along the axial direction r, in order to prevent the
random formation of undulations or irregularities on the flat
cylindrical portion 131 upon its machining, it is conceivable
to use a method which comprises dividing the flat cylindrical
portion 131 into a plurality of sections along the axial direc-
tion r, and independently machining each section with a turn-
ing tool 101. However, due to the accuracy of positioning of
the turning tool 101, it is difficult to smoothly form the bound-
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aries between the sections; a circumferentially-extending
streak(s) may be formed randomly between the sections,
leading to the random formation of a circumferentially-ex-
tending streak(s) on the flat surfaces 217 of the linear Fresnel
lens sheet 203 shaped by the mold 100. The circumferen-
tially-extending streak(s) randomly formed on the flat sur-
faces 217 of the linear Fresnel lens sheet 203 can cause moire
in relation to the arrangement of other optical elements used
together with the linear Fresnel lens sheet 203, for example,
the lens arrangement of a lenticular lens sheet in a projection
screen or the arrangement of pixels that form image light.
According to this embodiment, on the other hand, there is no
need to use such a machining method because the length 1 of
each of the flat cylindrical portions 131, constituting the inter-
mediate portion 130, along the axial direction r can be
adjusted to a relatively small value. This makes it possible to
prevent the occurrence of unexpected moire due to the
arrangement of the flat surfaces 217 of the linear Fresnel lens
sheet 203 shaped by the mold 100 and the arrangement of
other optical elements used together with the linear Fresnel
lens sheet 203.

As described above, when in a cross-section passing
through the axis of the roll-shaped mold 100, the inclination
angle of a flat cylindrical portion 131 with respect to the axial
direction r is 0.00 degree as a value rounded off to two
decimal places, the flat surface 217 of the linear Fresnel lens
sheet 203, shaped by the flat cylindrical portion 131, can fully
achieve the required optical performance. With regard to the
relationship between the flat cylindrical portions 131, in a
cross-section passing through the axis of the roll-shaped mold
100, the peripheries 131a of the flat cylindrical portions 131,
extending in the axial direction r, are preferably parallel to
each other. The peripheries 131a of the flat cylindrical por-
tions 131 can be regarded as being parallel to each other if any
two of the peripheries 131a make an angle of 0.00 degree as
a value rounded off to two decimal places, preferably not
more than 0.002 degrees as a value rounded off to three
decimal places.

The intermediate portion 130 comprises a first flat cylin-
drical portion group 132 consisting of a plurality of first flat
cylindrical portions 133, and a second flat cylindrical portion
group 134 consisting of a plurality of second flat cylindrical
portions 135 and lying between the first flat cylindrical por-
tion group 132 and the second annular groove group 120. A
first flat cylindrical portion 133 has a larger diameter than any
other first flat cylindrical portion 133 located nearer to the first
annular groove group 110 in the axial direction r. A second flat
cylindrical portion 135 has a larger diameter than any other
second flat cylindrical portion 135 located nearer to the sec-
ond annular groove group 120 in the axial direction r. The
intermediate portion 130 having such a construction can
effectively prevent the random formation of circumferen-
tially-extending streaks in the flat cylindrical portions 131.
This makes it possible to effectively prevent the occurrence of
unexpected moire due to the arrangement of the flat surfaces
217 of the linear Fresnel lens sheet 203 shaped by the mold
100 and the arrangement of other optical elements used
together with the linear Fresnel lens sheet 203.

Further, as shown in FIG. 11, in a cross-section parallel to
both the axial direction r and the normal direction n, the first
flat cylindrical portions 133 of the first flat cylindrical portion
group 132 and the second flat cylindrical portions 135 of the
second flat cylindrical portion group 134 are constructed
symmetrically (in terms of the shape and the arrangement).
However, the first flat cylindrical portions 133 of the first flat
cylindrical portion group 132 and the second flat cylindrical
portions 135 of the second flat cylindrical portion group 134
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may be constructed asymmetrically. For example, the first flat
cylindrical portions 133 of the first flat cylindrical portion
group 132 may lie in different positions in the normal direc-
tion n from those of the second flat cylindrical portions 135 of
the second flat cylindrical portion group 134. This can more
effectively prevent the occurrence of unexpected moire due to
the arrangement of the flat surfaces 217 of the linear Fresnel
lens sheet 203 shaped by the mold 100 and the arrangement of
other optical elements used together with the linear Fresnel
lens sheet 203.

A method for producing the linear Fresnel lens sheet 203
by using the roll-shaped mold 100 will now be described
mainly with reference to FIG. 12. FIG. 12 is a schematic view
illustrating an exemplary method for producing the linear
Fresnel lens sheet 203 by using the roll-shaped mold 100
shown in FIG. 10. As shown in FIG. 12, a substrate sheet 142
comprised of a substrate 230 is unrolled from a raw roll 141
and supplied between a pressure roller 143 and the roll-
shaped mold 100 for shaping the lens surfaces 214 of the
linear Fresnel lens sheet 203, while a UV curable resin 147 is
supplied from a UV curable resin supply section 144 to
between the substrate sheet 142 and the roll-shaped mold 100.
The substrate sheet 142 and the UV curable resin 147 are
nipped between the pressure roller 143 and the roll-shaped
mold 100, and conveyed along the periphery of the roll-
shaped mold 100. A UV lamp 145 is disposed near the periph-
ery of the roll-shaped mold 100. Ultraviolet light is emitted
from the UV lamp 145 and applied to the UV curable resin
147 to cure the resin and shape lens surfaces 214 on the resin.
The cured resin adheres to the substrate sheet 142; the cured
resin and the substrate sheet 142 form a linear Fresnel lens
sheet 203. The linear Fresnel lens sheet 203 obtained is
wound onto a take-up roller 146.

A method for producing the roll-shaped mold 100 will now
be described mainly with reference to FIGS. 13A through
13E.

First, as shown in FIG. 13 A, a substrate roller 103 made of
a metal is prepared, and surface smoothing of the substrate
roller 103 is performed with a turning tool 101. Next, as
shown in FIG. 13B, a first annular groove group 110, consist-
ing of a number of first annular grooves 111, is formed
sequentially from one end toward the middle of the roll-
shaped mold 100 (substrate roller 103) in the axial directionr.
Each first annular groove 111 has a first inclined surface 112
for the production of a lens surface. The inclination angle y of
a first inclined surface 112 with respect to the axial direction
r increases with the distance of the first inclined surface 112
from the middle of the roll-shaped mold 100 in the axial
direction r. Thus, the cutting angle § of the turning tool 101
with respect to the axial direction r is made smaller for a first
inclined surface 112 than for the adjacent first inclined sur-
face 112 lying farther from the middle of the roll-shaped mold
100 in the axial direction r. In particular, the substrate roller
103 is machined by advancing the turning tool 101 in the
radial direction n while keeping the cutting edge of the turn-
ing tool 101 at a predetermined cutting angle § with respect to
the axial direction r, thereby forming a first annular groove
111. The turning tool 101 is then retreated. Next, after moving
the turning tool 101 in the axial direction r, the position of the
turning tool 101 is changed to make the cutting angle § of'the
turning tool 101 smaller, and machining of the next first
annular groove 111 is started. Machining of first annular
grooves 111 on the substrate roller 103 is performed to a
position at a predetermined distance from the middle of the
substrate roller 103 in the axial direction r.

After the formation of the first annular groove 111,
machining of the first flat cylindrical portion group 132 of'the
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intermediate portion 130 is started. As shown in FIG. 13C,
each first flat cylindrical portion 133 is formed by moving the
turning tool 101 in the radial direction n while keeping the
cutting edge of the turning tool 101 parallel to the axial
direction r. In particular, as shown in FIG. 13C, a first flat
cylindrical portion group 132, consisting of a number of first
flat cylindrical portions 133, is formed sequentially from the
above position to the middle of the substrate roller 103 in the
axial direction r. The diameter of a first flat cylindrical portion
133 decreases with the distance of the first flat cylindrical
portion 133 from the middle of the roll-shaped mold 100 in
the axial direction r. Thus, the cutting depth of the turning tool
101 in the radial direction n is made smaller for a first flat
cylindrical portion 133 than for the adjacent first flat cylin-
drical portion 133 lying farther from the middle of the sub-
strate roller 103 in the axial direction r.

After the formation of the first flat cylindrical portion group
132, the turning tool 101 is replaced with a new one. There-
after, machining of the second flat cylindrical portion group
134 is started from the middle of the substrate roller 103. In
particular, as shown in FIG. 13D, a second flat cylindrical
portion group 134, consisting of a number of second flat
cylindrical portions 135, is formed sequentially on the oppo-
site side of the substrate roller 103 in the axial directionr. The
diameter of a second flat cylindrical portion 135 decreases
with the distance of the second flat cylindrical portion 135
from the middle of the roll-shaped mold 100 in the axial
direction r. Thus, the cutting depth of the turning tool 101 in
the radial direction n is made larger for a second flat cylindri-
cal portion 135 than for the adjacent second flat cylindrical
portion 135 lying nearer to the middle of the substrate roller
103 in the axial direction r. After the formation of the second
flat cylindrical portion group 134, a second annular groove
group 120 is formed sequentially toward the end of the sub-
strate roller 103 in substantially the same manner as in the
formation of the first annular groove group 110, as shown in
FIG. 13E.

According to the above-described method for producing
the roll-shaped mold 100, the intermediate portion 130 con-
tains a plurality of flat cylindrical portions 131 each having
the same length 1 in the axial direction r, and therefore the
length 1 of each flat cylindrical portion 131 in the axial direc-
tion r can be made relatively small. Thus, the area of contact
between the turning tool 101 and each flat cylindrical portion
131 can be made relatively small. This can reduce the resis-
tance between the turning tool 101 and the substrate roller 103
during machining of each flat cylindrical portion 131, making
it possible to prevent the random formation of irregularities
on the flat cylindrical portions 131 and machine the flat cylin-
drical portions 131 with high accuracy.

As described above, according to the method for producing
the roll-shaped mold 100, the diameter of a first or second flat
cylindrical portion 133, 135 of the intermediate portion 130
decreases with the distance of the first or second flat cylindri-
cal portion 133, 135 from the middle of the roll-shaped mold
100 in the axial direction r. Accordingly, when machining a
first flat cylindrical portion 131 with the turning tool 101
while keeping the cutting edge of the turning tool 101 parallel
to the axial directionr, a first flat cylindrical portion 131, lying
adjacent to the first flat cylindrical portion 131 being
machined, will not change the preferable position of the turn-
ing tool 101. Thus, the cutting edge of the turning tool 101 can
be stably kept parallel to the axial direction r during machin-
ing of each first flat cylindrical portion 131. This enables
high-accuracy machining of the flat cylindrical portions 131.

While the present invention has been described with refer-
ence to the preferred embodiments, it is of course possible to
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combine the embodiments in an appropriate manner. For
example, the linear Fresnel lens portion 13 of the linear
Fresnel lens sheet 3 according to the first embodiment may
include the flat portion 216 according to the third embodi-
ment. Each of the linear Fresnel lens portions 13 of the linear
Fresnel lens sheet 3 according to the second embodiment may
be comprised of the linear Fresnel lens portion 213 according
to the third embodiment.

The invention claimed is:

1. A transmissive display device comprising: a linear
Fresnel lens sheet comprising a lens layer having a first sur-
face in which a linear Fresnel lens portion, having lens sur-
faces arranged in a first direction, is formed, and a second
surface opposite the first surface; and a diffusion layer dis-
posed on the side of the second surface of the lens layer, and

a light source having a projection surface for projecting

image light onto the diffusion layer of the linear Fresnel
lens sheet,
wherein a degree of internal diffusion of the diffusion layer,
which is the degree of diffusion of light by the diffusion
layer in the linear Fresnel lens sheet as expressed in
terms of a haze value, is not less than 70%, and

wherein the following relation is satisfied: —a1°+arcsin
(1/n)°+arcsin (1/n-sin 01)°<10°

where a1° is the angle of the lens surface, lying farthest
from the projection surface of the light source, with
respect to a sheet plane of the lens layer, n is a refractive
index of the lens layer, and 0i° is an angle formed
between a normal direction to the sheet plane of the lens
layer and an imaginary line connecting the center of the
projection surface of the light source with a center of the
lens surface lying farthest from the projection surface of
the light source.

2. The transmissive display device according to claim 1,
wherein a maximum distance between the linear Fresnel lens
portion of the lens layer and a surface of the diffusion layer,
lying on the side opposite from the lens layer, is not more than
1.0 mm.

3. The transmissive display device according to claim 1,
wherein the linear Fresnel lens portion includes a first lens
surface group consisting of first lens surfaces which are
inclined toward one side from the normal direction to the
sheet plane of the lens layer, a second lens surface group
consisting of second lens surfaces which are inclined toward
the opposite side from the normal direction to the sheet plane
of'the lens layer, and a flat portion provided between the first
lens surface group and the second lens surface group in the
first direction and including at least one flat surface which
extends along the sheet plane of the lens layer.

4. The transmissive display device according to claim 1,
wherein the lens layer of the linear Fresnel lens sheet includes
a plurality of the linear Fresnel lens portions formed inte-
grally and each having an optical center.

5. The transmissive display device according to claim 4,
wherein the linear Fresnel lens portions are arranged side by
side along the first direction.

6. A transmissive display device comprising: a linear
Fresnel lens sheet comprising a linear Fresnel lens portion
having a number of lens surfaces arranged in a first direction
and a diffusion layer, a light source having a projection sur-
face for projecting image light onto the diffusion layer of the
linear Fresnel lens sheet, wherein the linear Fresnel lens
portion includes a first lens surface group consisting of first
lens surfaces which are inclined toward one side from a nor-
mal direction to a sheet plane of the linear Fresnel lens sheet,
asecond lens surface group consisting of second lens surfaces
which are inclined toward the opposite side from the normal
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direction to the sheet plane of the linear Fresnel lens sheet,
and a flat portion provided between the first lens surface
group and the second lens surface group in the first direction
and including at least one flat surface which extends along the
sheet plane of the linear Fresnel lens sheet, and

wherein the flat portion includes a plurality of flat surfaces

located at different positions in said normal direction.

7. The transmissive display device according to claim 6,
wherein the flat portion of the linear Fresnel lens sheet
includes a plurality of flat surfaces having the same length
along said sheet plane.

8. The transmissive display device according to claim 7,
wherein the flat surfaces comprise a first flat surface group
consisting of a plurality of first flat surfaces, and a second flat
surface group consisting of a plurality of second flat surfaces
and lying between the first flat surface group and the second
lens surface group; a first flat surface lies in an outer position
in said normal direction with respect to any other first flat
surface located nearer to the first lens surface group in the first
direction; and a second flat surface lies in an outer position in
said normal direction with respect to any other second flat
surface located nearer to the second lens surface group in the
first direction.

9. The transmissive display device according to claim 6,
wherein the linear Fresnel lens sheet comprises a plurality of
the linear Fresnel lens portions formed integrally.

10. The transmissive display device according to claim 9,
wherein the linear Fresnel lens portions are arranged side by
side along the first direction.
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